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; FINAL SUMMARY REPORT

SPECIAL SUMMARY EVALUATION


P.C.B, MONITORING SYSTEM


GIDLAB


NOTE: This report Is prepared in response to the request of Mr. David Vincent,

Chairman of the Conservation Commission, on March 28, 1980 for a special summary

report "written in lay terms as much as possible."


I. INTRODUCTION


A. Early Background


The Conservation Commission of Dartmouth first expressed its concerns

to GIDLAB for monitoring the Paskamansett area and for P.C.B. late in

1975 and early in 1976 under the chairmanship of Ms. Judith Dautel.

On February 9, 1976, Gidley was officially authorized as Consultant

and Agent by the Conservation Commission with access authority in

Dartmouth. Under the chairmanship of Judith Dautel, John Reardon and

Gerald Franklin, Gidley has served as professional consultant for the

Conservation Commission (with and without charge) on various conservation

problems. See previous section in this Consolidated Report entitled

"Background."


B. Current Background


After several presentations and preliminary testing by GIDLAB (without

charge in 1977 and 1978), the Conservation Commission sponsored an

article which was duly approved by Special Town Meeting vote on

September 27, 1978. Because of the considerable delays since 1976 and

in an effort to afford Dartmouth maximum and earliest possible protection,

GIDLAB voluntarily, in November 1978, considerably added to the number

of Dewline Sensor stations already installed in 1976 and 1977 (see

reports to Judith Dautel, Chairman).


On February 26, 1979, the Conservation Commission accepted GIDLAB's "bid

for monitoring P.C.B.s in the Town of Dartmouth." On March 19, 1979,

the GIDLAB contract was reviewed by Town Counsel Leonard E. Perry and

found to be "in legal form which will bind both parties." The contract

was signed by the Conservation Commission with "an effective date of

March 1, 1979" and "a termination date of April 1, 1980." GIDLAB was

authorized by the Conservation Commission specifically as its Consultant

and Agent for this project on April 24, 1979. The reader is referred to

the previous section entitled "Background" for these references and, of

course, to the files of the Conservation Commission.
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II. OBJECTIVES (Continued)


B. Methodology of Procedures for Achieving the Objectives (continued)


relatively fixed subsequent Annual Monitoring Program—however, the

original study must not be, indeed cannot be, rigorously fixed if it

is to be scientifically valid. The initial hydrogeochemical study is

analogous to a scientific occupational hazard survey of a new chemical

factory producing new chemical products to determine the hazard sites,

the significant chemicals, the relative toxicity, etc., on the basis

of which study a relatively rigid future periodic inspection schedule

may be established. Or more succinctly, the initial P.C.B. study is

the thorough professional insurance survey on which a routine insurance

policy issues; or the pioneering architectural design of a building

upon which specifications such a building will be faithfully constructed

in the future.


III. TEST RESULTS FROM THIS PROJECT


A. Introduction


The test results, "observations, discussion of the results, conclusions

with the reasons for them and recommendations," have been previously

reported on a continuing basis and as rapidly as possible to the

Conservation Commission. GIDLAB refers the reader to the selection

of the most pertinent interim reports which have been assembled in

the previous section entitled "Test Results." GIDLAB can add little

to these reports (except to summarize the data, results, conclusions

and recommendations already presented) "written in lay terms as much

as possible."


GIDLAB has always endeavored to present all its reports (written or oral)

in those forms which it believes to be comprehensible by the Commission

members—but, of course, requiring assiduous reading of each report.

GIDLAB does not expect a Commission member to interpret the data nor

to draw technical conclusions from the data especially contrary to the

stated professional conclusions of GIDLAB on this same data. If any

member has any questions regarding the interpretation of the data or

the conclusions and recommendations thereupon, the concerned member

should appropriately obtain such additional information or interpretation

as may be desired from GIDLAB. GIDLAB has always offered to answer any

questions concerning its reports.


B. Graph Presentation


GIDLAB does not believe graph presentation would facilitate understanding

of the test results, but, on the contrary, would be very cumbersome,
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III. TEST RESULTS FROM THIS PROJECT (Continued)


C. Test Value Judgments (continued)


Very roughly,some of the background criteria upon which each conclusion

or judgment is based may be grouped in major categories as follows:


1. Hydrogeologic factors of the site.

2. Soil chemistry of the site.

3. Water chemistry of the site.

4. Relationship of the chemistry of individual toxicants with other


chemical factors present or absent.

5. Surface transport of leachate hydrogeochemical logistics.

6. Aquifer leachate transport factors.


Specifically, some of the judgment criteria considered were:


1. Structural bedrock geology.

2. Anticline occurrence.

3. Anticline rotation (direction and degrees).

4. Soil strata classification.

5. Soil exchange capacity (in milliequivalents per 100 grams).

6. Soil conductivity (in micromhos per centimeter).

7. Soil cation percents. '

8. Saturation extracts.

9. Total soil anions.

10. Sodium adsorption ratio.

11. Soil permeability (centimeters per second).

12. Chemical constituents of the soil.

13. Chemical constituents of surface water-flowing.

14. Chemical constituents of surface water-stagnant.

15. Chemical constituents of the ground water:

16. Soil moisture percents at various depths.

17. Relationship of P.C.B. to soil surface area.

18. Chemical relationship of P.C.B., phenol and metals to organic


content of the soil (adsorbent, chelating or reactive).
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III. TEST RESULTS FROM THIS PROJECT (Continued)


C. Test Value Judgments (continued)


4. Low distribution coefficient in soil. (GIDLAB conducted tests

for phenol, lead and P.C.B. for this coefficient in landfill

base soil.) The distribution coefficient, KD, is the ratio of

the equilibrium concentration of the test factor sorbed on soil

or in a sediment divided by its equilibrium concentration in

solution:


C Soil

*D C Solution


KD results are expressed in milliliters of solution per gram of

soil.


These tests showed a very low solution concentration of phenol

in the soil.


5. Harshberger cylinder column tests: net leacfiate of phenol and

P.C.B. through the podzolic and bog soils around the landfill

showed substantially negative "transport" or leachate.


The above decisions for phenol were similarly based from decisions

made for P.C.B. and other toxicants tested.
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III. TEST RESULTS FROM THIS PROJECT (Continued) 

D. Test Results (Tabulated) (continued) 

FACTOR CHART 

A B C D E F G

LOW HIGH WORST NEXT E.P.A.


TEST FACTOR MEDIA VALUE VALUE SITE WORST LIMIT


4. Chromium Surface <0.01 o-iz Mall #195 0.05***

•
Water


Sensor <0.05 O*15 Mall Con rail 0.05***

Air <0.02 0.9 Mall #195 No Limit

Fall -Out


5. Sodium Surface 1Z 550 Mall #195 250***

Chloride Water


Dump 27 306** Well #2 -Well #1 250***

Wells

Water in 21.7 485** Seep at Pond at 250***

Dump Area Dump Dump

Surface 12 550 'Mall #195 250***

Water


6. Copper Soil Core 6 7 Well #5 Well #4 No Limit

Set


7. Arsenic Soil Core <l 1 Well #4 Well #5 No Limit

8. Silver Soil Core <l <1 Well 14 Well #5 No Limit

9. Nickel Soil Core <l 1 Well #4 Well #5 No Limit

10. Nitrate Dump Water 0.14 0.49 Dump Dump 10


Stream Seep

Dump Wells <0.l <0.1 None None 10


11. Nitrite Dump Wells <0.l <0.1 None None 1.0

12. pH Dump Wells 6. 1 8.3 O.K. O.K. 5-9

13. Sulfate Air 15 64 Mall #195 No Limit


Fall -Out

Continued


NOTES: ** = Not Significant Hazard to Paskamansett River System

*** = E.P.A. Drinking Water Standard
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IV. CONCLUSIONS AND RECOMMENDATIONS 

After a thorough review of all our test results from March 1, 1979 to 
April 1, 1980 and other hydrogeochemical assessments (see the twenty-six 
judgment criteria, Section C, "Test Value Judgments" of Part III,Test 
Results from This Project), our conclusions remain the same as previously 
reported to you both via written and oral reports. 

We repeat and summarize our conclusions as follows: 

A. Phenol 

1. Phenol is insignificant throughout the Paskamansett Basin area-
values below E.P.A. toxic limits. 

2. No significant phenol leachate originates from the New Bedford 
Landfill. 

C
^̂

3. High soil exchange capacity, high pH, high dissolved oxygen, high 
 organic soil matter (as previously detailed) would eliminate or 

 minimize phenol leachate even if it occurred. 

4. Further testing of phenol is not necessary. 

B. Cadmium 

1. No significant cadmium leachate originates from the New Bedford 
Landfill at present. Although the dump seep value was 9 times 
safe drinking water standards, this leachate has to travel such 
distances under such adverse conditions for transport (high pH, 
high soil exchange capacity, high organic matter and other 
factors—see list) that GIDLAB believes it will not reach the 
Paskamansett River system in sufficient concentration and amounts 
to pollute the Chase Road well field. 

2. The air fall-out values at #195 and the Mall sites are significant 
indicators of potential pollution from these sources as previously 
reported by us. GIDLAB has long urged that all major storm drains 
be considered point discharges and regulated as such. Further 
Mall and road construction in the Paskamansett area should be 
carefully engineered to cope with the pollutant run-off problem. 

3. All storm drains into the Paskamansett system should be monitored. 

C. Lead 

1. The lead leachate from the New Bedford Landfill is not significant 
(values are only 6 times safe drinking water limits) for the 
substantially same reasons cited for cadmium. 
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IV. CONCLUSIONS AND RECOMMENDATIONS (Continued)


H. Sulfate


This may be a future parameter worth monitoring (especially at storm

culverts) about once every year or two. GIDLAB does not currently

believe it is a significant problem (the E.P.A. sulfate limit in

drinking water is 250 milligrams per liter).


I. Total Organic Carbon (T.O.C.)


1. The leachate value from the New Bedford Landfill is not in itself

a hazard to the River. However, we recommend monitoring, as high

T.O.C. is often a factor contributing to the transport of toxic

pollutants (e.g., phenol and certain metals).


2. The T.O.C. value at the Champion and Mall sites is high enough to

be significant and worth further investigation in the future, as it

is a chemical surrogate for certain pollutants.


J. Total Dissolved Solids (T.D.S.)


1. The dump leachate values are significant but not presently a hazard

to the River. However, T.D.S. is often a valuable indicator of

potential pollutants, and we, therefore, recommend monitoring of ,

these wells be established on a regular basis.


2. The T.D.S. value at the Mall and 1195 sites are high at certain

seasons and in certain weather conditions. Total dissolved solids

are in themselves not necessarily equally toxic at equal values,

as the solid components vary—however, whenever the value exceeds

500 ppm, we believe monitoring is a good adjunct indicator.


K. Polychlorinated Biphenyl (P.C.B.)


1. The P.C.B. values in the landfill leachate wells are not a present

hazard to the River.


2. However, obviously because of the known large amounts of P.C.B.

in the landfill, a monitoring program should^be established.


The primary present P.C.B. problem is from air fall-out on

impermeable surfaces, such as Mall parking lots and roads. This

is the probable reason for the occasional high values of P.C.B. in

surface water at the Champion and Mall sites. This again indicates

the desirability of controlling and monitoring storm drain culverts.
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IV. CONCLUSIONS AND RECOMMENDATIONS (Continued)


K. Polychlorinated Blphenyl (P.C.B.) (continued)


6. We, therefore, recommend the establishment of a monitoring program

at the established landfill wells. If the P.C.B. in these wells

markedly increases or reaches a value of 25 parts per billion,

we recommend prompt progress in drilling the periphery of the

landfill to determine bedrock and examine the feasibility of

installing a bentonite slurry trench around the landfill. This

procedure, of course, involves internal pump-out wells to prevent

pressure build-out. Pump-out could be filtered through activated

carbon to remove most of the P.C.B. before discharge down-gradient.


L. Establishment of a Regular Monitoring Program


GIDLAB has previously outlined an appropriate monitoring program

(revised April 8, 1980, GIDLAB Report ENC-647-AMP) to accommodate new

circumstances of additional malls and the Slocum Road extension. The

reader is referred to this program in the Consolidated Report (herein

previously included).


M. Further Monitoring 
*•


GIDLAB1s request to extend the contract was only for access to the

New Bedford area and not for the Paskamansett area within the Town

of Dartmouth, as GIDLAB has been testing continuously on a monthly

basis from April 1979 to April 1980 in the Dartmouth area. Further

testing in the Dartmouth area would be not only redundant, unnecessary

for the objectives of the project but would be in excess of the contract

itself which never contemplated more than a one-year duration.


GIDLAB has already reported water monitoring tests of leachate from

the landfill monitoring wells for December 1979, January 1980,

February 1980 and March 1980. Collection for April 1980 has already

been assigned to GHR Engineering (GHR Lab will test for pH and

chlorides and GIDLAB for other factors of well samples and also test

and report on the Dewline Sensors which were installed in December).

Although GIDLAB believes that the testing objectives of this project

will have been more than adequately accomplished with the completion

of the April testing, we will nevertheless voluntarily continue testing

these wells through August of 1980 if you wish. If so desired, we will

separately furnish an appendix report for this additional work. But

based on all the evidence, we do not believe it will change our

conclusions and recommendations as herein presented. In fact, it is

our professional judgment that excessive testing (in view of the
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Type 
Sample. 

Station 
Description 

NEW BEDFORD SANITARY LANDFILL 

/26/76 Water-grab Groundwater from monitoring well GW-1 

Water-grab Groundwater from monitoring well GW-2 

Water-grab Groundwater from monitoring well GW-3 

Water-grab Groundwater from monitoring well GW-A 

Leachate seep-
grab 

Seep from near well GW-3 

Soil-split Sample from drilling of monitoring 
well GW-3 (0-7.5 ft.) 

Soil-split 
spoon 

Sample from drilling of monitoring 
well GW-3 (15-17 ft.) 

Soil-split 
spoo'n 

Sample from drilling of monitoring 
well GW-3 (15-17 ft.) 

DARTMOUTH, MASSACHUSETTS MUNICIPAL WATER SUPPLY


'72/76 Water-grab Gravel packed well-raw water

>/2/76 Water-grab Gravel packed well-raw water

*WWTP-Wastewater treatment plant


PCB Valu

ppb


N.D.


1.0


N.D.


N.D.


10


7,500


N.D,


N.D.


 N.D.


 N.D.

r'--


**Not detected. This indicates that the PCB level was below the detection limit.
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SUMMARY OF PCB DATA


NEW BEDFORD, MASSACHUSETTS


Date Type­

aropled Sample


Jl/76 Water-grab


'31/76 Water-grab


Station PCB Value 
Description ppb 

NEW BEDFORD MUNICIPAL WATER SUPPLY 

 Little Quittacas Pond-raw 0.1 

 Little Quittacas Pond-finished **N.D. 

Little Quittacas Pond located in Rochester, Massachusetts, approximately


12 miles North of Aerovox.


Raw water samples taken by Aerovox and analyzed by Woodson-Tenent


(6/11/75) showed 1.07 ppb PCBs.


14/76 Water 8-hr. Comp. 

01/14/76 Water 8-hr. Comp. 

01/15/76 Water 8-hr. Comp. 

01/14/76 Water 8-hr. Comp. 

01/15/76 Water 8-hr. Comp. 

01/14/76 Water-grab 

01/16/76 Water-grab 

'1/14/76 Water-8hr. Comp. 

/ 

01/16/76 Water-8 hr. Comp. 

AEROVOX CORPORATION


Municipal water supply inlet at the 2.4

plant 

North Trough Effluent to 51 
Acushnet River 

North Trough Effluent to 29 
Acushnet River 

Sanitary wastes at pump station 400 
discharging to WWTP* 

Sanitary wastes at pump station 72 
discharging to WWTP* 

CORNELL-DUBLIER 

Influent-public water supply in **N.D. 
boiler room 

Influent-public water supply in **N.D. 
boiJer room « 

Cooling water discharge to- WWTP­ 710 
South Moat 

Cooling water discharge to WWTP­ 460 
South Moat 



Date 
\iamplcd 

Type 
Sample 

Station PCB Value 
• Description ppb 

776 Water-8 hr. Corap. Cooling water discharge to WWTP­ 2,900 
North Moat 

Jl/16/76 Water-8 hr. Comp. Cooling water discharge to WWTP­ 580 
North Moat 

J1/1A/76 Water-A hr. Comp. Boiler room effluent discharge to 110 
Acushnet River 

31/16/76 Water-A hr. Comp. Boiler room effluent discharge to Al 
Acushnet River 

NEW BEDFORD WWTP 

07/19/76 Water-grab WWTP influent 106 

07/19/76 Water=grab WWTP effluent 119 

03/26/76 •Sludge-grab Before incineration 73,600 

OA/76 Sludge-grab Before incineration 30,800 

ACUSHNET RIVER 

/LO/76 Sediment-grab Acushnet River, approximately 60 620,000 
meters downstream of Aerovox 
effluent discharge 

08/2A/76 Soft shell 
clam 

Acushnet River East Bank .3 km down 53,000 
stream of Aerovox effluent 
discharge 

Soft shell 
clam 

Acushnet River East Bank 1.1 km 
downstream of Aerovox effluent 
discharge 

21,000 

Soft shell 
clam 

Acushnet River East Bank 1.8 km down23,000 
stream of Aerovox effluent' discharge 

NEW BEDFORD HARBOR 

05/10/76 Sediment-grab New Bedford Harbor approximately 1A3.000 
500 meters downstream of Cornell-
Dubilier 

i 
05/10/76 Sediment-grab Near WWTP outfall 500 

/10/76 Sediment-grab Near abandoned WWTP outfall 1,900 
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I. ABSTRACT


A grid of 14 sampling stations was set up, and between


22 May and 29 May, 1973, surface and bottom water and grab and


core sediment samples were taken from the research vessel


Water samples were analyzed for the routine water


.„ quality parameters and also for five heavy metals. Sediment


analyses included grain size distribution, % solids, % organic


I material (volatile solids), oil and grease, polychlorinated


biphenyls, total sulfide, and eleven heavy metals.


| The results of these analyses show the waters of Buzzards


j Bay to be well mixed and similar in quality to the nearby


continental shelf waters. The only significant fresh water


influence detected was from the Acushnet River and New Bedford/

>JL^ .^

^^ Fairhaven Harbor, as measured at Station 5. Sediment analyses


I- show no significant differences from the results of studies


! carried out in 1934 and in 1953 for grain size distribution and


trace metal concentrations. Fine grained deposits in the south


I central portion of the bay are high in sulfide and contain ^5%


. organic matter, but only small amounts of geochemical and


*- pesticide residues. Because of the nature of the sediments


[ in this area and the nature of its benthic fauna assemblage,


a dump site there has been proposed for the disposal of the


I dredge materials from Fairhaven Harbor. The environmental impact


i - of this operation should be minimal although the effects of

[


the elevated petroleum residue levels found in Fairhaven dredge


K̂  site samples will not be clearly established until further testing


is carried out. Albernative sites and methods for disposal have

v


— been evaluated.
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r II. INTRODUCTION


t\^  A. Physical Description of Buzzards Bay


Buzzards Bay has been the subject of considerable


I scientific investigation, especially in the areas of mincralogical


sediment characterization and the nature of benthic infauna.


• The results of these previous studies have served as checks of


the data obtained in the present work and in some cases give a


much more detailed picture of the sediment phase of Buzzards


( Bay than were obtained by our limited sampling regimen.


• Physically, Buzzards Bay is a non-estuarine eri±>ayrncnt


approximately 46 km long by 19 km wide with an average depth


2

of about 11 meters. VJhile the area of the Bay is 620 km


!
 9
it drains a land area of only 1000 km . This land area is low,


with small hills and numerous lakes and marshes. Because of

\*S

i flat topography and also because of good vegetation cover,


erosion of the land, and therefore natural sedimentation in the


I Bay, takes place slowly. In fact, the maximum annual depo­


sition rate has been calculated to be 2.3 mm in the unconsolidated


(2)
L upper layers.v '


i The waters of Buzzards Bay contain consistently high levels


of dissolved solids: salinity varies from 29.5 to 32.5 °/oo.


The annual maximum bottom water temperature is about 21°C., the
L / A \

minimum is -1°C. According to Moore/ ' tidal currents are


L the most important source of energy for sorting and sizing the


| bottom sediments since the Bay is protected from large, long


period open ocean waves. However, under stormy conditions


L'
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wave action can effect resuspension of the bottom sediments.


Tidal velocities in most of the bay are not large,


usually less than 1 knot maximum. Stronger currents are


encountered at the mouth of the bay, near the entrance to the


Cape Cod Canal and between the Elizabeth Islands. These strong


currents are reflected in the co'arse nature of the bottom


sediments in these areas with sand and gravel deposits common.


Predominately silt and clay sediments line the bottom in the


middle-southern portions of the bay where the bottom topography


is relatively flat and between 14 and 20 meters below the surface,


In that portion of the bay north of 41°35'N latitude the water


depths are generally less than 13 meters and tidal velocities


are variable. The result is a bottom with scattered patches of


silt and clay, fine sand and coarse sand and gravel. The bottom


sediments appear to be in an overall stable equilibrium. More­


over, the textural patterns found in the 1930's by Hough


were essentially the same; as those found by Moore in the


1950's.


I. B. Benthic Fauna


The distribution of bottom texture determines the level


and type of infauna and epifauna populations. Sanders^ has


| found two distinct communities of infauna in Buzzards Bay. In


areas of stronger tidal currents and coarse grain sediments a


L. group of filter feeding organisms dominated by species of the


genus Ampelisca are most abundant. In addition to producing a
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stable sediment substrate, the stronger current activity brings


•̂ •̂ 


J more potential food to the filter feeders. On the other hand,


the weak currents over mud bottoms allow suspended organic


i matter to settle out and so provide nourishment to colonies of


r deposit feeding organisms, dominated by the primitive bivalve

I


mollusc, Nucula pro::nna, and the polychaete, Kophtys incisa.


i The presence of burrowing bottom feeders can have a significant


effect on the physical structure of bottom sediments. Such


« organisms, through their metabolism of the mud, generate fecal


J pellets which granuiarize an otherwise finely divided sediment


and increase the likelihood of resuspension under even small


tidal current sheer forces. In fact, there is a considerable


, increase in the turbidity of the bottom waters of Buzzards


"Sur̂  caused in part by the activity of sediment feeders, during periods


I of maximum tidal velocity. ' That the unstable silt/clay


sediments have been retained over the years is probably due to

i


the asymmetrical tidal flow: the duration of ebb current is much


(9)

j shorter than the flood current.


In addition to the work of Sanders, Rhoads, Young and


j others concerned with the macrofauna of Buzzards Bay, V?eiser


has done an extensive study of the meiofauna of the area. This


L classification includes microscopic organisms as well as those


i just visible to the unaided eye. In this group were observed a


number of species of nematodes, but different population assemblages


I were found in the sand and the silt/clay areas.
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C. Continuing Research Activities


At the present time there is additional scientific research


I under way or planned for Buzzards Bay, Massachusetts. Donald


Rhoads of Yale University is continuing studies of the high


* turbidity layer in bottom waters over fine silt and clay


|- sediments, examining its seasonal fluctuations and chemical and


biological composition. Kenneth Tenore of Woods Hole Oceano-


I graphic Institution is running aquaculture experiments in the


vicinity of Quissett Harbor. Howard Sanders of WHOI is continuing


' his monitoring of the effects of the Falmouth oil spill on


2 marine organisms in the bay, and Carl Turekian of Yale is


monitoring the levels of trace metals in tissue of fish living


in the bay and comparing these results with analyses of similar


i fish living in Long Island Sound. A group at Southeast


Massachusetts University, including Professors Robert Edgar,


! James Cox and Frank O'Brien, have proposed a study of nutrients


and productivity in waters along the western shoreline of the Bay.


L The Massachusetts Division of Marine Fisheries maintains


I an inventory of the fish population of Buzxards Bay. While


commercial net fishing is prohibited, there is extensive game


I fishing in the bay. Tautog, flounder, and sculpin are among the


most common bottom feeding game fish. In addition, there are


L- important migratory populations of mackerel, striped bass, bluefish,


j fluke, scup and sea bass. The time of spring migrations can


extend from mid-March to mid-July and the fall migration may


'V̂  continue into early November.


•'* Finally, in considering a site in Buzzards Bay as a disposal




r

I area for dredge spoil one should be aware of the provisions 

\^ of the Massachusetts laws concerning activities of this type 

in marine sanctuaries. Under Chapter 742 of the Acts and 

I Resolves of 1971 of the Massachusetts General Court, a "Cape 

and Islands Ocean Sanctuary" has been established which 

I includes all of Buzzards Bay landv/ard of a line extending from 

Buzzards Bay Light to the Rhode Island-Massachusetts state 

line. Banned from this area is the alteration of bottom 

| sediments, including the removal of sand and gravel deposits 

and the disposal of conmercial and industrial wastes. There 

I are exceptions to the disposal ban, but these do not include 
• 

[ dredged harbor sooil. VThether or not such spoil was intended 
I 

to be included in the disposal ban is not clear from the 

' v/ording of the lav; e.nd certainly should be clarified before 
\ĝ  

the dredge spoil disposal plans are finalized. 

L What follov.'s is a summation of the sampling and analyses 

I carried out as a part of our contract. The data are inter­

preted in light of the seasonal and tidal conditions present 

[_ during sampling, and, in the case of turbidity, are compared 

•
(9) 

 with the observations of Rhoads. The rationale used in 

selecting a site for disposal will be set forth and the possible 

ecological effects of the dumping operation, including the 

long-term disposition of the spoil, will be postulated. The 

I appropriate time for and method of disposal will be discussed. 

L" 

L
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III. RESULTS AND DISCUSSION


I A. Sampling System


To evalute the present condition of Buzzards Bay, a grid


' of fourteen stations as shown in Figure 1 was established. The


I original plan was to sample each station during slack tide for


surface water, bottom water, a sediment core, and a sediment


J grab sample. However, restrictions on vessel use- and a 1-1/2


« month delay of availability of the Manamet forced a readjustment


in plans and a delay in our analysis schedule. These restrictions


I resulted in a lack of coordination with the tidal phase, producing


an irregular sampling pattern with respect to the tide. Weather


i conditions, rough seas, and bottom composition disallowed


I obtaining core samples at three stations.


'"k^n^ All water samples were analyzed on site for temperature,


| pH, salinity, total coliform, turbidity, dissolved oxygen, and


chlorophyll- ."nalysoG of ammonia, nitrite, nitrate and total


phosphate were performed on an average of 4 hours after sampling.


j water sarr.plGs for trace r.otals were preserved with hydrochloric


acid, frozen, and analyzed within three weeks of sampling. The


j_ sediment cores unu grab specimens were frozen and subsequently


. analyzed. Sodir.-T.t .iml'/ris methods are described in appendix 1.


B. V.' a t c r An a] ys <.-. c,


The rciiult:; o: »\it.'.-r analyses, tabulated in Table 1, for


surface (o) »:;-.- :.̂ v. .-. (.-/ r-amples, indicate good mixing of the


water column. ;... c>-.:. ; •• .•.-••;n from the data, the average salinity


ir, 3J.O ,i.-.c: t . . - - .1-. - : - . • ; •: i .--, 7.93 with little difference between
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j. ABLr. 1 

V7ATER QUALITY ANALYSIS RESULTS Dissolved 
Depth/ Salinity Ozcvgcn 

Station Date Tiir>e Location f t . T ° C pll °/oo n.-;/l 

IS 
B 

29 
29 

May
May

 73 
 73 

11:23 
11:23 

41°37 
7 0 ° 4 4 

'  N 
•w 38.0 

13.9 
13.2 

7 .97 
"7.91 

31. 
32. 

5 
5 

6 . 7 4 
6.91 

2S 
B 

29 
29 

May
May

 73 
 73 

14:03 
14:03 

41°36 
70° 41 

'N 
' 3 " W 34 .9 

13.6 
13.3 

7 .95 
7 . 9 5 

33. 
32. 

0 
5 

7 . 2 6 
5 . 4 5 

3S 
3 

29 
29 

May
May

 73 
 73 

13:05 
13:05 

41°36 
7 0 ° 4 3 

'  N 
' W 34 .9 

13.7 
13.3 

8 .00 
7 . 9 8 

33. 
33. 

0 
5 

G . 4  4 
5 . 46 

4S 
B 

25 
25 

May
May

 73 
 73 

13:18 
13:18 

41°34 
70°46 

'  N 
1 30"W 4 6 . 7 

13.4 
12.9 

7.91 
7 .90 

32. 
32. 

0 
0 

4 . 3 9 
5.58 

5S 
B 

22 
22 

May
May

 73 
 73 

14:29 
14: 29 

41°33 
70°50 

1 50"N 
'  W 2 9 . 5 

12.9 
13.3 

7 .93 
7 . 7 2 

32. 
33. 

0 
0 

7 .20 
6 .50 

65 
B 

29 
29 

May
May

 73 
 73 

14:54 
14:54 

41°32 
7 0 ° 4 4 

1 30"N 
'W 43 .0 

13.5 
12.5 

7 .95 
7 .95 

32. 
32. 

0 
0 

6 . 4 3 
7 . 0 7 

7S 
B 

25 
25 

May
May

 73 
 73 

11:27 
11:27 

41°31 
7 0 ° 4 7 

' 33"N 
' 53"W 4 9 . 7 

12.4 
11.8 

7 .90 
7. 88 

31. 
31. 

0 
0 

6 . 5 5 
7 . 0 3 

8S 
B 

25 
25 

May
May

 73 
 73 

12:00 
12:00 

41°32 
70°51 

' 3 0 " N 
'W 4 7 . 0 

12.9 
12.8 

7 . 9 2 
7 .85 

31. 
31. 

5 
5 

7 .36 
4.16 

9S 
B 

25 
25 

May
May

 73 
 73 

10:54 
10:54 

41°29 
70°49 

'30"N 
' W 51.6 

11.9 
11.8 

7.93 
7 .90 

30. 
30. 

5 
5 

7 .30 
7.01 

10S 
3 

23 
23 

May
May

 73 
 73 

13:45 
13:45 

41°30 
70°52 

T'N 
'1"W 61.3 

12.9 
11.7 

7 .98 
8.01 

31. 
32. 

5 
0 

7 .57 
6 . 9 4 

US 
B 

23 
23 

May
May

 73 
 73 

12:50 
12:50 

41°29 
70°55 

1 45"N 
1 41"W 62 .5 

12.8 
12.0 

7.88 
7.91 

•31. 
32. 

5 
0 

7.85 
7 . 4 7 

12S 
B 

23 
23 

May
May

 73 
 73 

11:15 
11:15 

41°27 
70°53 

1 40"N 
' W 52 .0 

12.9 
12.0 

8 .00 
8 .00 

33. 
33. 

0 
5 

6 .57 
7 .59 

13S 
B 

22 
22 

May
May

 73 
 73 

11:30 
11:30 

41°27 
70°57 

1 30"N 
' 1"W 91.0 

12.2 
11.4 

7 .94 
7 . 9 2 

31. 
32. 

5
0 

' 8.03 
8 .20 

14S 
B 

22 
22 

May
May

 73 
 73 

12:55 
12:55 

41°29 
71°00 

' N 
' W 4 6 . 0 

12.3 
11.4 

7.93 
7 . 9 2 

32. 
34. 

0 
0 

7 .53 
7 . 6 9 

Turbidity 
mg SiC>2/l 

2 .8 
5.6 

3.0 
2 . 7 
3 .4 
3 .2 
3.8 
3.7 

4 . 0 
2 .8 
3.6 ' 
4 . 6 

3.0 
3.3 
3 .2 
2 .5 
2.8 
2 .3 
2 .5 
2.1 
2.9 
2 .5 

1.4 
2 .5 
3.1 
1.4 

4 .6 
1.1 
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TABLE 1, C\ . u^nucd 1 

Total P Chlorophyll Coliform Nrf^ NO," NO2 
Station ir.q/1 Counts/100 ml ppb 

IS .017 2.6 0 161 5.75 2.87 
B .026 4.7 3 154 12.00 4.15 
2S .019 2.3 0 66 7.95 2.55 
B .019 2.7 1 147 10.30 2.55 
3S .020 2.2 1 266 6.05 3.51 
3 .026 2.5 0 203 10.92 2.87 
4S 
3 

.061 

.032 
1.4 
1.5 

0 
1 

77 
105 

<0.3 
<0.3 

1.67 
1.67 

5S .074 4.6 14 60 9.89 1.90 
B .054 4.4 19 65 25.33 2.18 

6S .022 2.5 0 116 5.46 1.27 
B .029 2.8 4 98 6.33 5.11 
7S .058 2.6 0 77 2.58 1.67 
B . 054 2.0 1 67 4. 86 1.34 
8S .043 1.5 0 77 5.34 . 1.34 o 
B .044 1.8 0 63 10.17 2.34 I 

9S .041 3.1 0 77 6.01 0.67 
3 .029 2.2 1 67 8.74 1.34 

10S .057 2.9 1 151 . 5.16 3.12 
B .024 2.6 1 42 3.42 3.12 

US .032 2.5 1 56 6.90 3.12 
B .032 1.6 0 55 5.16 3.12 

12S 
B 

.032 

.030 
1.8 
2.3 

1 
1 

57 
55 

2. 24
3. 85 

- 3.43 
3.12 

13S .074 3.1 1 82 20.45 2.18 
B .038 3.3 0 63 21.28 1.90 

14S .063 3.7 0 119 10.43 1.90 
B .029 3.8 " . 4 37 16. 39 1.90 
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r surface and bottom values except at station 5B where the pH is


r
 lower than anywhere else. The dissolved oxygen values are


greater than saturation at all stations except station 3B,


I 4S and 43, and SB, where they are 0.5 ppm less than saturation.


T_ Phosphates in general show higher values for the surface than


* for the bottom with the highest value at station 5. Station 5,


[ ' which is in the Fairhaven dredge spoil area, shows higher


chlorophyll and total coliform values. These higher values are


[ probably due to outflow from the Acushnet' River and New Bedford


* Harbor. Stations 13 and 14 show elevated phosphate levels at


the surface, as well as higher chlorophyll and nitrate in surface


| and bottom water.


Turbidity data show no general trend, but do seem to be

(g\


significantly lower than the levels reported by Rhoads. In


i"""*̂  a study in August 1971, he measured turbidity 3,evels of 10-35


mg/1 near station 6. When correlated with the tidal cycle, his


| data show turbidity maxima on the ebb tide. In the present


study, values at stations 6, 7 and 9 are much lower than those


L- given by Rhoads for waters over similar muddy sediments. Two


I possible explanations can be advanced for this difference. It


appears from Rhoads' data that turbidity is at a minimum during


{_ the flood and high tide slack water. The samples at stations


, 6, 7, and 9 were taken 2.45, 2.54 and 3.1 hours before high tide.


A second explanation is the possibility of large seasonal changes


| in bottom turbidity due to reworking by sediment feeders whose


metabolic activities promote-the resuspension of bottom muds.
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r TABLE


TRACE METALS IN WATER COLUMN

(ppb)


Station Cu Zn Cd Pb


is 12.7 3.3 7.7 0.4
1 B 6.2 16.4 3.2 1.05


1
*v̂  2S 8.6 6.0 9.7 3.2


£• *-'


B 7.8 20.2 1.80 1.0


1
 3S 14.3 11.1 0.9 2.1


B 8.6 26.4 0.62 ' 0.9


I 4S 1.44 7.0 0.66 0.9


B 2.02 5.8 0.37 10.1

1


5S 7.8 18.1 1.43 2.94

~J *-J
j B 6.0 28.5 1.36 5.6


i


6S 1.07 4.32 0.20 2.09


1 
\j i_J


B 4.9 29.7 0.21 0.9


7S 5.5 14.0 0.175 1.40

n̂ ^ B 1.3 4.5 1.60 0.64


L 
8S 8.8 18.5 1.61 2.55


3.74 25.8 0.66 1.54
B


-- 9S 7.7 8.4 16.6 1.72


B 3.56 11.2 0.61 5.94


L 10S 11.1 5.5 0.92 1.07


B 1.79 5.4 0.60 0.56


IIS 9.6 25.4 0.42 1.73
L

0.17 1.18
B


12S 11.7 14.5 0.641 1.35
1 • •

B 11.4 16.0 0.43 1.27


i 135 9.2 9.5 1.04 5.21.


B 5.1 7.9 0.55 4.5


14S 5.2 6.2 2.81 1.8
[ B 6.0 23.2 0.94 6.6


n.d. = not detectable
*î ^̂ 


'•a


 Cr


n.d.

2.8


0.9

n.d.


n.d.

n.d.


n.d.

n.d.


1.0

1.1


n.d.

n.d.


n.d.

n.d.


n.d.

n.d.


n.d.

0.6


n.d.

n.d.


n.d.

n.d.


n.d.

n.d.


0.5

0.7


3.4

n.d.
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Since our samples were obtained during May, a less active


period for sediment dwellers, one might anticipate a difference


between the present work and Rhoads1 results.


C. Sediment Analyses


] Analysis of the sediment samples for oil and grease,


polychlorinated biphenyls (PCB's), and organic content were


performed on the grab specimens. All trace metal, sulfide,


I and grain size data were done on core specimens except for


stations 2, 5, and 14, for which we were not able to obtain

3

I core specimens. The results of oil and grease, PCB's, and


5 organic content are given in Table 3. Stations 8, 9, and 10


are higher in oils and grease than the inner bay stations,


possibly due to outflow from Fairhaven Harbor or shipping activity


'pHH/ through the bay. Station 5 is highest in PCB's, which may be


*- due to the dredge spoil previously dumped there or to run-off


?
,  from the Acushnet and waste disposal in New Bedford Harbor,

f


Table 4 shows the trace metal distribution in the sediment


j_ in Buzzards Bay. Each core was analyzed at 0-5 cm from the


i sediment-water interface and at 20-25 cm, except station 13,


which was sampled at 0-5 cm and 15-20 cm. Since stations 2, 5,


I and 14 did not have cores, a portion of the grab sample was used.


It can be seen from the data that in general the metal content


L is higher in the sediments on the eastern side of the bay than


I on the western side, which agrees with results of Moore.


"" Table 5 data presents a comparison of heavy metal data in sedi­


^^ ments obtained in the present study with those determined by
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TABLE 3
r

ORGANIC MATTER IN SEDIMENTS


Poly chlorinated

Oil & Grease Biphenyls Organic Content


Station (ppm dry weight) (ppm by wt. ) (I by wt.)


1 88.6 0.032 6.65


2 80.1 0.113 1.58
1
1


3 90.3 0.034 1. 81


4 197.9 0.274 4.54


1
 5 110.4 0.543 3.65


6 91.4 0.226 6.72


7 157.3 0.406 6.82
I

8 239.8 0.077 2.39


9 226.7 0.201 4.82


10 377.5 0.175 6.13


 11 159.8 0.222 5.30
wf


12 207.4 0.242 5.81
L

13 620.8 0.072 1.52


14 81.4 0.079 0.88


•

L


L
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TABLE 4 ( 

TRACE METALS IN SEDIMENT 
(ppm) 

Station Zn Cu Fb Co Cd Ni C£ V "a As 

1-0 
1-20 

6 9 . 6 
86.8 

14.1 
10.0 

41.9 
2 4 . 3 

4 . 3 
11.7 

0 .86 
2 . 4 

2 2 . 6 
2 4 . 8 

35.5 
38.2 

107.0 
68 .2 

1.07 
0 . 0 9 

n.cl. 
6 . 0 4 

41.3 4 . 2 9 .7 10.9 0 . 4 9 .7 8.7 2 7 . 0 0 .38 1.11 

3-0 120.8 18.6 28.6 5 .7 1.3 32.4 43.7 57.1 0 .70 n.d. 
3-20 100.3 6.1 1.2 8.5 1.4 17. 8 29 .3 6 4 . 0 0 . 2 4 n. d. 

4-0 26.1 3.7 7 . 2 9 . 6 1.1 15.4 20 .9 2 6 . 2 0 .08 n. d. 
4-20 4 7 . 2 12.4 25.3 6 . 0 7 .2 15. 8 31.7 39 .6 0 . 2 3 n .d. 

29.1 6.5 15.6 4 .5 1.4 7 . 4 9 .8 6 . 4 0 .20 1.64 

6-0 118.5 14.7 ' 34 .3 16.9 0 .2 3 4 . 8 4 4 . 4 71.9 0.16 n .d . 
6-20 126.1 11.5 2 4 . 6 17.0 0 . 3 28.0 38.6 6 0 . 7 0.11 n. d. 

7-0 91.5 18.1 38.1 18.6 0 .6 31.9 41.0 82.9 0 . 2 0 n.d. 
7-20 70.0 10.7 23.7 8 . 4 1.2 2 3 . 0 31.1 6 0 . 0 0.13 n.d. 

8-0 
8-20 

103.0 
4 8 . 4 

2 4 . 0 
7 .7 

4 4 . 5 
2 0 . 2 

8 .4 
5.2 

2 .2 
n.d. 

26 .8 
19.2 

39.9 
27 .5 

38.6 
57.8 

0 . 2 3 
0.12 

4 . 2 2 
3.83 

9-0 
9-20 

6 4 . 4 
35.5 

11.5 
5 .4 

30.3 
12.6 

7.5 
6.0 

0 .9 
0 .8 

17.1 
10.0 

29 .0 
16.9 ' 

56.1 
25.5 

0.11 
0 . 0 7 

1.35 
n.d. 

10-0 84.7 15.4 32.9 11.4 0 .7 32.5 4 0 . 4 68.9 0.14 n.d. 
10-20 7 9 . 4 10.3 22 .0 11.0 2 . 0 2 2 . 0 38.8 50.5 0.10 n.d. 

11-0 
11-20 

9 4 . 2 
38.5 

14.9 
5.7 

2,7.9 
14.9 

6 .9 
10.4 

2.1 
1.2 

20.7 
15.7 

36.8 
26 .7 

40 .7 
2 9 . 5 

0 .34 
0.12 

n.d. 
n .d . 
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TABLE 4, Continued 

Station 

12-0 
12-20 

13-0 
13-15 

z.n 

182. 
71. 

85. 
30. 

8 
6 

7 
4 

\_i^ 

17.0 
13.3 

6 .6 
2 .  4 

-

30. 
34. 

21. 
7. 

7 
6 

5 
7 

 co

8.5 
5 .6 

6 .0 
3 .2 

 ca

7 .2 
2 . 4 

0 .8 
0 .3 

 HI
29 .8 
2 4 . 5 

4.1 
7 . 2 

 cr
39.6 
39.0 

16.1 
5 .4 

-t r^ *\ 

v 
41.3 
51.9 

4 0 .  0 
10.1 

11 A 

0 

0 

0 
0 

n 

.20 

.11 

.51 

.12 

1 R 

3.79 
4 . 4  6 

1.55 
0 . 0 7 

0 .41 
15.7 10.4 9.3 0.2 13.0 

14 64.5 

n.d.= not determined 
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TABLE 5


MOORE VS NEA SEDIMENT DATA 
(Concentration in ppm) 

Sample 
Moore % (NEA *) Cr Cu Ni Pb V Zn 

31-33 (1) 30 (37) 14 (12) 10 (23) 33 (33) 45 (85) 65 (78) 

91 (2) 17 (9) 4.2 (4.2) 6.9 (10) 16. 5 (10) 36 (27) TR (41) 

10 (3) 14 (37) 3.5 (12) 5. 8 (25) 5.6 (15) 30 (60) 44 (110) 

43-44 (4) 34 (26) 4 (8) 22 (15) 56 (16) 80 (32) 64 (37) 

25 (6) 52 (41) 15 (13) 19. 6 (31) 28. 5 (29) 66 (66) 46 (122) 

66 (7) 71 (36) 22 (14) 25. 7 (27) 82. 3 (31) 72 (71) 63 (81) 

73 (8) 21 (34) 4.9 (16) 5.6 (23) 16. 5 (32) 32 (48) TR (76) 

71 (9) 25 (23) 5.1 (8) 9.5 (13) 14. 5 (21) 43 (40) 72 (50) 

119 (10) 64 (40) 15. 5 (13) 24 (27) 58 (27) 70 (59) ND (82) 

81 (11) 35 (32) 8 (10) 8.7 (17) 26. 3 (21) 43 (35) TR (66) 

84 (12) 16 (39) 1.6 (15) 3.5 (27) 14. 0 (32) 26 (46) 31 (127) 

132 (13) 41 (11) 7 (4.5) 13. 4 (6) 31. 5 (14) 52 (25) 55 (58) 

TR= trace 
MD= not determined 
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Moore at approximately the same locations and shows overall


agreement except for the zinc values, which vary considerably


I and show no clear trend. Station 3 is about 3 times as great


in all metals as the comparative station 10 of Moore's results.


' Station 4 is uniformly smaller than Moore's data, while station


,"* 6 is approximately the same. Station 12 is approximately 2.5


times greater than Moore's station 84. Station 13 is 2 to 3


I times smaller than Moore's station 132. Station 2, which is in


the middle of a disposal site, and station 3, just west of this


site, have somewhat higher than average values, but at station


| 5, which is the dredge spoil disposal site, metal concentrations


are low. The sulfide values (Table 6) show the same general trend.


Grain size distribution of the core samples is given in


j Figure 2. Stations 1, 2, and 3 indicate a sandy bottom, as do


stations 11, 13, and 14. Correlation of grain size distribution


I with sulfide content shor.,Ts no clear trend. However, stations 6,


7 and 10 show both elevated levels of sulfide and greater than


L average silt/clay fractions. Comparison of the % solids (see


j Table 6) in the sediment with % silt/clay fraction shows a corre­


lation of -o. 86 which indicates the greater compactness of the


I sediment in the sandier areas. None of the stations show the high


water content in surface sediments which would indicate reworking


"— by pellet-forming burrowing organisms. This may explain the low


turbidities observed in bottom water samples. The results of our


grain size analyses are in agreement with the more complete studies


** of Moore )̂ and of Hough '̂  as shown in Figure 3.
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4-20


5


6-0

6-20


7-0

7-20


8-0

8-20


9-0
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10-0

10-20


11-0

11-20


12-0

12-20


13-0

13-20
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TABLE 6


SULFIDE(ppm)


242

98


23


37

1


14

49


7


142

100


178

140


277

44


424

82


123

126


241

41


322

215


51

<0.1


17


% SOLIDS


43.946

46.061


80. 840


71.864

61.557


71.813

51.840


7-5.500


43.696

47.103


41.972

61.709


44.091

57.454


50.301

69.881


45.599

52.631


49.188

63.836


46.937

49.738


66.979

88.770


77.249
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FIGURE 2 CONTINUED
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X,,/ IV. CONCLUSIONS AND RECOMMENDATIONS


A. Selection of a Dumping Site


i - The process of selecting a dumping site ir. Buzzards Bay


included the consideration of the two dumping areas which now


I appear on navigation charts; one just south and east of the


Cape Cod Canal, the other just south of West Island near the

*̂ H


I entrance to New Bedford and Fairhaven Harbors. The samples


I taken in these areas show them to be poor choices for the


disposal of fine grained muds from a harbor dredging operation


I if the objective is one of containment of the dumped spoil.


Both locations are subject to relatively strong tidal currents,


1
 a fact reflected in the coarse texture of the bottom sediments.


1
 These areas therefore are more likely to contain filter feeding


SIM/ infauna and higher populations of epifauna, such as crabs and


|_ lobsters, which are unlikely to survive burial under the


• dumped spoil. Furthermore, the fine grained spoil will likely


be resuspended under the influence of tidal currents, sig-


I nificantly increasing the turbidity of the surrounding waters,


and eventually settling out in small inlets close to shore or


L in the center of the bay.


j We have selected instead a location in the south central


portion of the bay due north of Station 9 and just west of the


remains of a shipwreck indicated on C&GS Chart No. 249 at


41°30'18"N, 7004S'38"W. This location is 18 km southeast of


the dredge site and 1.6 km southeast of the mid-bay navigation


*^t channel. The low mean water depth is 15.8 meters (52 ft.) or
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I 6.1 meters (20 ft.) below the dredged depth of the Cape Cod

\^/


Canal. The sediment in this area is typical of the silt/clay


mud covering much of the central bay area. Therefore, the


| fine grain dredge spoils should be hydrodynamically stable in


this area. Resuspension may be largely a function of type


, of bottom feeding organisms which predominates the ncv.-ly dumped


(12 )

spoil. Saila, et. al., found that many of the species


colonizing spoil dredged from the Providence River and dumped


I in Rhode Island Sound were members of the faunal population


native to the surrounding bottom area. If the same phenomenon


! were to occur on the proposed site in Buzzards Bay, the antici­


} pated faunal community would include the polychaete worms and


'- primitive bivalve molluscs described by Sanders. (6)  if pellet


forming species predominate, then reworking and resuspension

•w


of the spoil will be promoted; if mat forming tube builders


'- colonize the spoil it will be stabilized against tidal erosion.


1
 B. Dumping Procedure


j The dump site should be about 30,000 to 40,000 square

L.


meters, for example, a circle with a radius of 100 meters.


1 Assuming no compaction and equal distribution within the dump


site this area would be covered to a nominal depth of 1.8


:
- meters. In practice this spoil distribution could be approxi­


i mated by dumping from barges positioned in a random pattern


around a buoy marker at the center of the dump site. The


resulting deposit would have the shape of a shallow cone,


^^r possibly with a plateau region at the center.
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r C. Environmental Impact


The dumping location was selected to minimize the
r

environmenta1 impact of the disposal operation. One such


I impact is the physical burial of bottom fauna. Fev; of the


epifauna or filter feeding infauna which might be buried


• beneath 1-3 meters of silty mud could survive. However, with


[' some time allowed for recovery between dumps, certain burrowing


(12)

bottom feeders may reach the surface. Saila, et. al.,


[ have shown that Nephtys incisa are capable of burrowing through


• 21 cm. of sediment in less than 24 hours and that even a


filter feeding bivalve, Mulinia lateralis, can burrow that


I distance in a longer period of time. Their conclusion was that


members of these and other species could reach the surface

!


of dumped spoil. Moreover, the benthic community in the


'^^^
I Station 9 area should be predominately burrowing, bottom feeding


infauna. The population of epifauna is expected to be much


I less than in sandy -bottom areas.


An often critical environmental effect of ocean dumping


L is an increase in the turbidity of waters in the vicinity of


| the dump site. Excessive turbidity can be harmful to aquatic


life in four ways: by diminishing light penetration and


[_ inhibiting photosynthesis and primary productivity in the food


. chain; by the silting of fish gills and filter feeders' syphons;


by reducing vision and so making difficult the feeding of


I predator fish; and by altering the temperature of deep waters.


These types of ecological damage should not be significant if
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I dumping takes place at the proposed site. While transient


\*»S elevated levels of turbidity are to be expected during dumping,


there should be no long term increase in turbidity levels since


I the dump site is in an area of silt and clay sediments where


variable but, at times, high levels of turbidity (>10 mg SiCu/l)


' should occur naturally. The native benthic population should


"" readily tolerate these high turbidity levels.


Other possible environmental effects include depletion of


| water column oxygen and the introduction 'of toxic materials


. including heavy metals, hydrocarbons, and chlorinated pesticide


compounds. Analyses of Fairhaven sediment samples show on the


order of 10% organic matter (volatile solids). While relatively


high, these values are not that much larger than the levels


fo md in the center of Buzzards Bay. Around Station 9, fo_r


I ̂*̂  example, the sediments presently contain about 5% organic matter.


While this level produces anoxic conditions in the sediment


f phase, as indicated by the high sulfide concentrations at Station


9 (424 ppm) and elsewhere, the bottom waters all contained


L dissolved oxygen at concentrations close to or exceeding saturation


j levels.


Sedimant analyses in the Fairhaven samples and the 0-5 cm


I layer at Station 9 show similar concentration values for lead


and cadmium, while mercury levels were about five times higher


in the Fairhaven samples. For the first two metals there should


be no enrichment at the dump site, and for mercury the increase


should be small. Hexane extractable hydrocarbons (oil and grease)
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I in the Station 9 area range between 200 and 300 ppm, for


F Fairhaven samples values over 1000 times greater were measured,


up to 507 pot oil and grease. The impact of dumping such


i hydrocarbon rich material is not easily predicted. Blumer


and others '' ' 'have discussed the devastating effects of oil


' on littoral and benthic life in Buzzards Bay due to the Falmouth


i oil spill. At lower sublethal concentrations, Blumer found


that certain oil fractions could interfere with the chemical


| senses of marine animals. While detailed analysis of the


. Fairhaven harbor samples is required to determine the exact


organic make-up of the hexane soluble fraction, it can be


! postulated that the material is a partially degraded, water


insoluble, dense petroleum product of relatively low volatility


I and high molecular weight. Also, a significant portion of this produ;


i likely to be adsorbed on clay minerals. When discharged from a


barge most of this material should settle to the bottom, with only


a small fraction re-entering the aqueous phase.


A test of the validity of this scenario will be made by this


L laboratory during the next year under a contract from the Massachuseti


J Department of Natural Resources. Included in this study is the


monitoring of water quality at the Massachusetts Bay Foul Area


[_ dumping site during disposal of dredge spoil from Boston Harbor.


The material currently being dredged from the Charles River Dam


*- site has equal or higher levels of organic material than the


j Fairhaven sediment.
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̂
 ̂  D. When to Dump 

I The following proposed dumping schedule considers the 

impact of the dredge spoil on bottom fauna population and density 

* as well as spawning and migration habits. With these para­

? meters ir. mind, we recommend that dumping take place between 
• 

1 December and 1 March. During this interval benthic activity 

I as well as seasonal migrations of various fish are at a minimum. 

> This interval also predates spawning activity in the bay and 

so will have minimal effect on the life cycle of the embaynent. 

» E. Alternatives 

I For the reasons discussed above, a contained deposit of 

spoil in the vicinity of Station 9 has been proposed. There 

f are, however, at least two other modes of disposal which merit 

I some consideration. The first is a modified dispersion dumping 

operation to be conducted also inside Buzzards Bay. As pointed 

I out in the spring, 1972, Water Spectrum article, the 

objectives of minimum benthic population burial, maximum re-

L population and maximum recycling of organic material can be 

| achieved for small quantities of organic, non-toxic spoil if 

the material is widely dispersed. However, the dispersal area 

should be one whose physical and chemical sediment characteristics 

closely match those of the dredge material, to promote the survival 

L of benthic fauna. A mode of disposal which fulfills both of 

these requirements is one in which barges dump as they are being 

moved over a large area of the south central portion of the bay. 
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 Maximum dispersal in a pentagonal area with its corners at

N--pr


I Stations 7, 8, 11, 12 and 9 would be a reasonable objective.


There are several drawbacks to this alternative: First,


I carefully supervised dumping runs are necessary so that a


I thin layer of spoil is laid down and so that the same area is


not dumped on repeatedly. Also the environmental impact of


dumped material will be more difficult to assess since the


exact dumping locations will not be as well defined. Further­


' more, there will be more intimate contact between spoil and


i the water column resulting in a higher release of heavy metals


(see Table 7), hydrocarbons, and other potentially deleterious


j materials and the formation of a large, highly turbid cloud


in the bay waters.


\^^ A second alternative would oe to select a dump site outside


I Buzzards Bay. The closest EPA approved site for ocean dumping


is located in Rhode Island Sound at 41°24'N, 71°18'W, about


! 51 km (28 miles) from Fairhaven Harbor. While such an operation


I would have the advantage of dumping on a previously designated


and well studied disposal site, the complications arising from


j crossing state lines to dump Fairhaven spoil in Rhode Island


waters may be irresolvable. Furthermore, studies in the area


L show only a partial recovery of the benthic community from the


J dumping of about 8 million m of dredged material from the

L_


Providence harbor area.


!_ The nearest established disposal site in Massachusetts is


^̂  located at the Boston Lightship dumping grounds, a distance of
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TABLE 7 

MAXIMUM INCREASE IN METAL CONCENTRATIONS OF BUZZARDS BAY WATERS DUE TO DUMPING 
Maximum Possible Metal 

Average Spoil Station 9 Sediment Average Concentration Addition to the Water 
Concentration Concentration in Buzzards Bay Water Column from the Spoil 

(ppro) (ppm) (ppb) (ppb) 

Zn 47.9 64.4 13.8 0.5a 

Pb 24.2 30.3 2.5 ' 0.3 

Hg 0.9 0.1 b 0.01 

I 
GJ 

a o 
values based on the complete dissolution of all metal salts and their equal ' 
distribution throughout the bay. 

not determined because of low concentration, expected to be about 0.01 to 0.02 ppb. 
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| 100 km from Fairhaven by a route restricted by the strong


\*t/ tidal currer.ts of the Cape Cod Canal (see Figure 4).


To surroarize, a site has been proposed for the disposal


^ of 75,000 cu. yds. of dredged spoil from the Fairhaven Harbor


in Buzzards Bay. The method of disposal and the most


j auspicious time of the year for dumping have been presented.


^ The environmental impact of the dumping operation has been


evaluated based on the data of the present work and of previous


I work in Buzzards Bay, and on the results of analyses carried out


by the Corps of Engineers on samples of Fairhaven Harbor


| sediments. It should be noted that a comparison of the Corps


I data with the results of a 1971 state study of the New Bedford

I


Harbor and the Acushnet Riverv
/ •] 0\

 ' show the potential dredge


materials to bs considerably lower in heavy metals than other


Vm/ sediments in the inner harbor. While only 3 heavy metals were


L measured by the Corps, one may infer from their relatively


I small concentrations that the 2evels of other metals including


cadmium, chromium, and arsenic are commensurately low.


Other potentially harmful substances include pesticide


and petroleum residues. Although pesticide analyses were not


*- performed, the high levels of hexane extractable material in


dredge site sediments pose an undefined threat to the environment


at the dump site. The availability and toxicity of these

i
i

'̂  petroleum residues toward plankton and benthic organisms can


j  a only be determined through further analysis.


~~ Finally, discussions of the proposed dumping of dredge
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ALTERATIVE DISPOSAL SITES


A. Proposed site

B&C. E.P.A. approved sites
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spoil in Buzzards Bay with members of the scientific and

w


political communities have elicited some strongly negative


reactions. Donald Rhoads' objections, stated at the Third


Ocean Disposal Conference held in West Booth Bay Harbor, Maine,


j April, 1973 / centered around the "pristine" character of the

i


bay and the extensive study it has undergone, which may serve

-•••

I as a standard reference in the investigation of other coastal


areas such as Long Island Sound. In fact., such studies are


presently being carried out by Karl Turekian of Yale University.


I Several mcnibers of the Massachusetts Department of Natural


Resources voiced reservations over the disposal project, alluding


to the sanctuary designation of Buzzards Bay by the Commonwealth


of Massachusetts and to its function as an important migration


route for commercial and game fish. A public hearing on this

VM/

) proposal will undoubtedly bring negative response from the


above individuals and also from the numerous conservation groups


' active in eastern Massachusetts as well as from land owners


I around the bay itself.




L 
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 APPENDIX 1


PROCEDURES FOR SEDIMENT ANALYSIS


Grab samples were stored and frozen in polyethylene bags.


I 200 gram portions were used for PCB analyses and a total of 100


grams v/as used for oil and grease and % organics. PCB analyses


' were performed by H. V. Schuster, Inc., Boston, Massachusetts,


!"" using the USFDA Pesticide Analytical Manual and reported as


Arochlor 12-18. The hexane extraction for oil and grease was


I carried out using the E.p.A. procedure^'.' The % organics


were determined by the loss of volatile solids upon ignition


I at 550°C.


Core samples were stored frozen in their plastic liners.


5 cm. lengths of the core, about 100 grams of sample, were cut


L ^ , off and thawed out in an acid-washed Pyrex crystallization dish.


I Each sample was blended with a Teflon spatula, and 0.1 to 1 gram


portions of sample were taken and analyzed for sulfide according


I to the procedure described in appendix 2. Then four 5 gram


portions were weighed into 100 ml round bottom flasks. To three


L of these were made standard additions of a mixed reagent


j containing the ten metals listed in Table 4 and the flask walls


were rinsed down with about 10 ml of distilled, deionized water


(DDW), each flask attached to a reflux column with ice water


running through the condenser jacket, and 12 ml of concentrated


L HN03 and 6 ml of concentrated H SO. added. The acid mixture was


I warmed with a powerstatted heating mantle until a steady boiling


was obtained. After refluxing for 30 minutes, the heating
<^s

I mantles were removed and the flasks allowed to cool to room




I temperature. The reflux condenser walls were washed down with


DDW and the rinse caught in the sample flasks. The combined


digestate was filtered through a pre-acid soaked, pre-rinsed


|- Millipore glass fiber filter into a polypropylene flask and the


digestion flask and the filterable solids were- rinsed with


i several small portions of DDW. The filtrate and rinses were


~* poured into 100 ml volumetric flasks and taken to volume. The


reagent blank, which consisted of 12 ml HNOo and 6 ml H-SO, in


I 100 ml total volume, was found to be insignificant for all metals


. except nickel for which a constant correction was made in all


analysis results.

•"


Analysis values of the four portions of each sample were


used in a linear regression analysis with a Wang 600 programmable

i


calculator to determine the original sample concentration.

'W

j Another portion of the sample was freeze dried and from its


L
 weight loss the digested portion dry weights were calculated.


7,11 metal concentrations are expressed as parts per million of


dry sample.


L Besides providing the same salt matrix for samples and


j standards, this procedure should compensate for the loss of


metals due to volatilization during digestion or adsorption


during filtration and storage. Actually the nitric-sulfuric


acid mixture provides a relatively mild digestion medium,


boiling at about 80°C. Losses due to volatilization should


I therefore be minimal.


The digested samples were analyzed for zinc, copper, lead,


i cobalt, cadmium, nickel, chromium, and vanadium using flame

^
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atomic absorption spectrometry. The instrument used v/as the


Instrumentation Laboratory Inc. dual channel "odel 153 in the


. ' 10 second integration mode. Samples were aspirated directly


' into the flame of a single slot burner. Distilled water


I blanks were used to give background readings between samples

I


and also between determinations of reagent blank values. A


[ stoichiometric air/aectylene flame was used for Zn, Cu, Pb, Co,


• Ni, and Cd analyses; fuel rich air/acetylene was used for


chromium. Vanadium and molybdenum measurements were made


I using a nitrous oxide/acetylene flame.


After the AA flame analysis had been completed, the

!

1
 prepared sample was then used for mercury analysis. 1 ml


portions of the sample x;ere placed in a 60 ml fritted funnel,


\^#f 2 ml 15% stannous chloride added, the funnel quickly stoppered


I and the sample purged with nitrogen at 5 ml/sec. The reduced


Hg vapor was measured with a Coleman MAS-50, and the absorbance


peak recorded. Calibration curves were constructed from the


I absorbances of the spiked samples.


A 50 ml portion of the remaining digested material,


I representing 1/2 the original sample was then prepared for


arsenic analysis. The procedure, developed in our laboratory


"-- during the course of this contract, involved first the evaporation


of the 50 ml aliquot on a hot plate until fumes of SO-, were


given off. The sample was allowed to cool and 10 ml nitric


_ acid added and the evaporation repeated. Two more additions of


%L_Ĵ  nitric acid followed by evaporation were carried out. The
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F contents of the evaporation dish were quantitatively transferred

\̂ /̂

I- to a 125 ml erlenmeyer flask and 0.4 ml of 40% stannous chloride


and 2 ml of 15% potassium iodide were added. After standing


I overnight in stoppered flasks, more stannous solution was added


to reduce any residual iodine formed. An apparatus for the
r generation of arsine, as described in Standard Methods'(21 , was


f- • assembled with the 125 ml flask, fitted with a 2-hole stopper,


serving as a generator. Through one hole was inserted the


I arsine gas delivery tube to a lead acetate' scrubber and the


catching solution of 4 ml of 1% silver diethyldithiocarbamate


•- in pyridine; through the other hole was inserted a glass tube


I with sintered glass diffuser extending into the sample solution.


This tube was connected to a regulated source of hydrogen gas.


The evolution of arsine gas from the sample was effected by


I adding 3 gm of powdered zinc to the flask and quickly stoppering


it. The self generation of hydrogen was allowed to precede for


| 5 minutes followed by a 25 minute purge with bottled hydrogen


gas. The absorbance of the arsine-silver-diethyldithiocarbamate


L complex at 535 nm. was measured using a Gilford Model 240


L 
spectrophotometer and 1 cm. path length cells.


L

L Chemistry Laboratory Manual, Bottom Sediments, Dec. 19 69,


Environmental Protection Agency, p. 42-3.


( 2 Standard Methods for the Examination of Water and Wastewater,
]_

13thEd. ,1971, Amer. Pub. Health Assn. , p. 62-64 .


t!
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| DETERMINATION OF SULFIDE IN MARINE SEDIMENTS 
USING A SPECIFIC ION ELECTRODE 

I. INTRODUCTION 

' A. Geochemistry of Sulfur 

L In geological time sulfur begins life normally in the 

form of sulfide minerals. The common juvenile sulfur compounds 

I include: 

I pyrite ­ FeS9 

pyrrhotite - Fe5Sg - Fe-^gS 
' 

I chalcopyrite - CuFeS 

pentlandite ­ FeNiS 

bornite - Cu^-FeS^ 

I All of these contain iron which is not surprising since, after 

\^/ aluminimum, it is the most abundant metal in the earth's crust 

L and also forms rather insoluble sulfide salts. Other metals 

• of interest which occur in localized high concentrations include 

sphalerite ZnS 

I galena PbS 

cinnabar HgS 

L chalcocite Cu2S 

argentite 

molybdenite 

I Troilite, FeS, is found in meteorite and in newly formed marine 

sediments where it imparts a black color to the mud. Upon 

L aging it is converted to pyrite. 



r

r
̂
 ̂  Volcanic activity introduces sulfur as the gases H2S and 

I S02 to the atmosphere. In the presence of oxygen the hydrogen 

sulfide is quickly oxidized to free sulfur. It may also react 

H2S + °2 -^ 2 H2°+ 2s 

with sulfur dioxide to again yield elemental sulfur. The 

catalyst 
H2S + S02 * 2H20 + 3S (2) 

I catalytic action can be supplied by various metals and by water 

vapor. Also S09 is capable of being further oxidized: 

i 
(3 

» H 
2 
S04 

I providing an important source of environmental sulfuric acid. 

"̂"•̂  In fact the pH of certain crater lakes and bogs is less than 

L 3.5 because of the reactions 3 and 4. Sulfuric acid in ground 

f water may dissolve sulfide and carbonate minerals: 

i PbS + H2S04 -> PbSO4+ H2S (5) 

H2S04+ CaC03 —>H2C03 + CaS04 (6) 

{_ It is the reaction of the sulfate minerals which is of interest 

i since they act as a massive reservoir of oxygen necessary for 

the degradation of detrital and geochemical organic matter on 

I the ocean floor. The fossil oxygen content of sulfates in sea 

L 
20 water and sediments has been estimated to be 50 x 10 g compared 

20 
with 12 x 10 g of free oxygen in the atmosphere and hydro-

i*. ̂  sphere. 
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r

\̂ X The reduction of one gram molecular weight of SO."


1 to S~ at S.T.P. requires 200 kcal. Plants can perform this


I reaction with sunlight energy. Bacteria in marine sediments


oxidize carbon compounds or hydrogen from fermentation to


r catalyze the sulfate reduction. Bacteria of the genus


Desulfovibrio are canabie of the direct reduction of SO. and

•*• 4


' concommitant oxidation of organic carbon:


I R: CH + CaS04 bacteria> R g + CaCO + R:0 (7)


. Others make use of hydrogen


=
4H2 + S04 > H2S + 20H"+ 2H20 (8)


I Once formed, sulfide rapidly reacts with a number of agents:


=
! 2Fe+3 + S  > S + 2 Fe++ (9)


^H^ Fe++ + S~ ^ FeS (troilite) (10)


I Actually the black muddy material found in Boston Harbor and


other areas whose sediments contain a high organic load is


hydrotroilite, FeS * nII20. With aging and especially under high


| temperature and pressure troilite is converted to pyrite. When


traces of oxygen are present reaction (11) may occur. Under


[ 1/2 09 -f FeS + H9S > FeS9 + H,,O (11)


I anoxic conditions pyrite is also formed, but by reaction (12)


FeS + IIS > FeS + II (12)

j £* £m £*


\


vi/hich is endothermic by 2.77 kcal. Hov/ever, under microbial


P action one of the products is used up:

L.


4 H + H7SO, > H9S + 4H~0 (13)
1̂ 


iX ' ' 
£ /. k £ ^


with a heat of reaction of + 73.13 kcal.
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' If the aerobic layer of sediment is thin enough to allow


r light to pass to the anoxic layer below, purple and green


bacteria rr.ay use the sulfides as hydrogen donors in photo­


| synthesis producing free sulfur:


, hv) 
>  C

Cb
HIO°C + 6S° + 30  (14) I 6H S + - 6CO£  I/ b oI Z  2


•» where the wavelength of light used by these bacteria is longer


than that used by algae so the reaction can go below a thick


1 layer of phototrophic activity.


In the presence of oxygen, sulfide is rapidly oxidized.


* Tests in sea water with controlled levels of CU and S showed


I that sulfite, thiosulfate and sulfate were all products of


sulfide oxidation while no elemental sulfur was detected.* ̂ '


'̂ r 2 HS~ + 202 > S203
= + H20 (15)


I 2 HS~ + 302 > 2S03
= + 2H+ (16)


KB" + 200 > SO = + H+ (17)


I
I This last result was probably the result of working with excess


J 2IIS~ + 02 > 2S + 20H~ (18)


levels of oxygen and not indicative of the sulfide oxidation


L in sediments of low pO . In fact, Berner^ ' has proposed


J that the reversible half half reaction:


+ H+ag + 2e~ (19)


L
~ is the mechanism controlling platinum electrode "redox" potentials


} measured in many anoxic marine sediments. Intermediate poly­


sulfide oxidation products up to S7 are also formed reversibly.




r

' The necessary small amounts of oxygen needed to produce a


^^ solid sulfur phase may be afforded by aeration at low tide


' in tidal flats, by the activity of burrowing organisms in


I deeper sediments, or by the action of precipitated ferric


salts (equation 9).


{ Berner showed that for many different marine sediments


I there exists a linear function relating "redox" potential with


the potential generated by a silver/silver sulfide electrode put


I directly in the sample. The electrode monitors the activity


of sulfide ion which varies depending on such matrix parameters


L as pH, temperature and ionic strength. To gain a measure of


I the free sulfide concentration these parameters must be


standardized preferably through the addition of an alkaline,


I

high ionic strength bufferv

( 4 )


Also of interest is the total sulfide concentration defined


L in Standard Methods as including H~S, HS~, S~, as well as


I acid soluble sulfides. Not included in this group then are the


least soluble sulfides, such as CuS, HgS and AgS.


B. Sulfide Analyses^ (Alternative Techniques)


I The two most commonly used techniques for the analysis


of sulfide in natural waters and wastes are the iodine titration


L and the methylene blue colorimetric method. Between these two,


the iodimetric technique is the more widely applicable and the
L 
more accurate -- capable of measuring 1 mg/1. sulfide

(6 )


 However, it is susceptible to several major interferences,


^ including such sulfur compounds as sulfite, hydrosulfite and


V ,


I
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thiosulfate and any other volatile iodine-reducing substances.


Moreover, the standard procedure calls for the purging of each


acidified sample with nitrogen or carbon dioxide for one hour


I to ensure zhe complete stripping of hydrogen sulfide. With


such a long purge there is the likelihood of significant losses


of sulfide due to oxidation by traces of Q~ in the carrier


— gas.


i


C. Silver Sulfide Electrode Characteristics


I The electrode consists of an AgS membrane separating


I the sample and reference electrode from an internal electrolyte


solution of fixed silver ion concentration. A second reference


i electrode is immersed in the internal silver solution.


When the electrode is placed in a test solution there


î / is a momentary flux of mobile Ag through imperfections (holes)


I in the AgS crystal lattice toward the solution of lower silver


ion activity. The passage of positive ions sets up a potential


which opposes further migration, and whose magnitude at equi­


i librium is a function of the activity of silver ion in the,test


solution. In the analysis of sulfide samples the silver ion


I activity is determined by the solubility product of Ag2S. Since


the lattice vacancies are specific with respect to the size,


shape and charge distribution toward silver ion, the only inter­


ferences encountered arise from chemical reactions occurring at


the electrode surface. For most samples the low solubility


product of Ag->S results in the probability of there being only


one significant interference, Hg++, in the determination of




I 
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and sulfide measurements should be interference-free.


The AgS membrane electrode is superior to Ag/AgS electrodes


I since it presents a dense, nonporous polycrystalline surface


to the sample solution which is capable of rapid equilibration


j and it does not have a metal substrate and so is not attacked


^ by oxidizing agents and is not sensitive to redox couples in


the solution . With the use of a portable specific ion


I meter the electrode can be used for on-site measurements, a


distinct advantage in sulfide analyses. The principal dis-


j advantage in specific ion analyses arises from fluctuations


i in the ambient temperature, whose effect can be readily calculated


from the "constant" term in the Nernst Equation. Generally, in


a well thermostated laboratory with samples in thermal equilibrium,


\ut? a precision of about 0.2mv is obtainable. In the field, however,


L variability in replicate samples of 4mv is not uncommon^ .


| For divalent ion analyses this translates into an uncertainty


of 30% in direct potentiometric determinations.


I The procedure described here was designed to measure


• sub-parts per million levels total sulfide with an inexpensive


and rapid technique capable of on-site analyses of +_ 5% accuracy.


I The electrode procedure developed meets these criteria and is


also free of the interferences which plague the iodimetric and

I

L colorimotric procedures.
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S-̂  II. EXPERIMENTAL


A. Sampling Apparatus


I The essential components of the apparatus are a regulated


source of purge gas, such as prepurified nitrogen; two Pyrex


j Buchner-type funnels, one of 60 cc capacity; a restricting


valve to balance the purge gas flow through the funnels; and a


3-way valve to direct the gas flow. Measurements were made


I using the Orion silver sulfide electrode,. Model 94-16, the Orion


double junction reference electrode, Model 90-02-00, and the


I Orion portable specific ion/pH meter, Model 407. A plexiglass


! disk was drilled so that the two electrodes fit snugly through


it (see Figure 1).


^ j B. Reagents


| About 0.01 N sulfide stock solution were prepared by


dissolving 1.2 g of washed crystals of Na9S-9H.-,0 in 1 liter of


I
1 dcaerated distilled water. The 1000 ppm Cd(NO3)2 solution used


I was a Fisher Certified reference standard. 1 M HC1 and 2 M NaOH


solutions wore prepared from ACS Reagent Grade chemicals.


I Approximately 1 liter volumes of these two solutions are con­


tinuously purged with nitrogen gas when analyses are under way.


L For the comparative iodimetric tests, 2 N zinc acetate


I is prepared by dissolving 220 grams Zn(C-H^O-)o*2H-0 in water


and diluted to one liter. 0.025 N sodium thiosulfate is prepared


bv dissolving 6.205 g Na^S^Oo-SH-O in water and diluted to one


3itor. Iodine is generated in situ by the addition of 0.025 N
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potassium biiodate (Fisher certified standard) to an excess of


\̂ X potassium iodide.


C. Procedure


[ Place 10 ml of 1.0 N HC1 in funnel A and 20 ml of 1.0 N


, NaOH in funnel B, assemble the apparatus as in Figure 1, and


purge both solutions with nitrogen for an additional five


, minutes. Turn the T valve to purge only funnel B and introduce


the sample through the port in funnel A, quickly restopper it


I and turn the T valve so that nitrogen again passes through


j both solutions. Adjust the specific ion meter to measure


divalent anions. V7hen the needle comes to rest, adjust it to


a convenient reference point (R) and add that volume of 1000 ppm

i


Cd solution which is expected to decrease the sulfide concentra­


» tion by about 1/2. When the needle again stabilizes, use this


I scale reading (S) and the volume (V) of cadmium standard added


to calculate the sulfide content of the sample. For meters with


I conventional logarithmic scales the sulfide level in milligrams


, equals:


°'285
 R V(ml)


I R-S


With meters such as the Orion Model 407 with a standard sub-


I traction scale the sulfide content is more readily calculated


using the formula:


L 0.285 SV(ml)


\" For comparative analyses a modification of the titrimetric


procedure from Standard Methods^ ' has been used. Sulfide is
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removed from sediment samples by acid distillation with nitrogen

'W


purge. The H S gas is caught in 2-125 ml Erlenneyer flasks


in series, each containing 100 ml 0.2 N Zn(Ac) . The iodimetric

I 2


I titration for sulfide has been modified so that a known excess


j of iodine is generated in the acidified zinc acetate catching


solution by dissolving 1 gram of potassium iodide and adding


1.00 ml of 0.025 N potassium biiodate. The excess iodine is


titrated with 0.025 N sodium thiosulfate using a Gilmont 2 ml


*- micropipette.


I III. RESULTS AND DISCUSSION


i Sulfide analyses, especially at low concentrations, are

»


complicated by the oxidation of S~ by traces of oxygen. The

i

I apparatus in Figure 1 has been designed to alleviate sulfide


^•**r oxidation through the use of fritted funnels which enable the


'- efficient purging of the two solutions with nitrogen and by


I minimizing the reaeration of the solution in funnel B with a


snuggly fitted plexiglass cover. The use of fritted funnel A


[_ to contain the acidic sulfide generating solution provides an


, efficient means of scrubbing H~S from sediment samples. With

I


a nitrogen sparging rate of 2.5 cc/sec, the sulfide from samples


I weighing up to 5 grams is purged out and caught in the base in


about 2-3 minutes.


[_ Since there is a significant hydrogen chloride vapor


p pressure in 1 M HC1 solution, some sparging of HCl into funnel


B will occur. For purging times as long as 20 minutes the


Iw
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I lowering of the pH in solution B is not enough to cause a 

rS_uyy detectable reduction in the activity of S~ due ,to the formation 

HS~. 

| The size of funnel B is dictated by the size of the two 

electrodes and the geometry of their holder. About 20 ml of 

I base solution is a sufficient volume to immerse the sensing 

elements of the electrodes and also provide for'quantitative 

scrubbing of Î S from the nitrogen gas stream eluting from 

I funnel A. The dimensions of funnel A are not critical. The 

system could be modified to analyze large volumes of natural 

[ water samples by replacing funnel A with a gas washing bottle, 

I for example a tall form Drechsel type, fitted with a glass frit 

eras dispersion tube. Preliminary sea water analyses have been 

I conducted using a 1 liter filter flask with a coarse dispersion 

%̂ / tube about 3 cm above the bottom. About 35% of a lOug S"~ 

L cpikc has been recovered from a 1 liter sea water sample, 

I soJkccl with 5 cc of treated 12 M hydrochloric acid, in 15 

minuter, with a nitrogen purge rate of 10 cc/sec. 

I With further refinements, including minimizing dead space 

volume of the sample container and optimizing the nitrogen 

purcui Clow rate, rapid and precise sulfide analyses at the 

I par IT. P<--r billion level should be attainable. 

To delineate the useful working range of the electrode 

L and sampling system, the electrode response to varying additions 

I of scull um sulfide solution to funnel A was monitored using the 

v.nuK'd millivolt scale. The results of this study, plotted 
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in Figure 2, show the electrode response to be linear and


"̂  -5 =
Nernstian above 10 M S  . The non-linear response below


about 7 x 10 M is probably due to the oxidation of a sig-


I nificant ar.ount of the sulfide in solution by traces of oxygen


t before the electrode has reached equilibrium. Since the sulfide


electrode comes to" equilibrium more slowly at lower sulfide

-v̂ 


i concentrations, the likelihood of significant oxidation of the


sample is increased. The use of the system is effectively


' limited to concentrations > 7 x 10 M. 'In about 20 ml of


| sodium hydroxide catching solution, this concentration


corresponds to 4 ug sulfide.

i


To determine whether the non-linear electrode behavior


at low sulfide concentrations is in fact due to traces of oxygen


in the purge gas, the rate of loss of sulfide acti rity was


I monitored in 2 M sodium hydroxide purged with nitrogen, in


SA08* purged with nitrogen and in 2 M sodium hydroxide purged


with hydrogen. After assembling the apparatus shown in Figure


i 1 and purging the system with the gas of choice, 2 ul of sodium


sulfide stock solution were added to the contents of funnel B


I making the initial sulfide concentration 3 x 10~ M. When the


electrode had reached equilibrium the meter needle was adjusted


L to mid-scale and the decrease in sulfide activity with time


i was recorded using values from the logarithmic standard sub-

i


traction scale. These decay curves were fitted to equations

t"»


~ * SAOB = Standard Antioxidant Buffer prepared by dissolving

320 g. sodium salicylate, 80. g. sodium hydroxide and 72 g.


l3!!̂/ ascorbic acid in distilled deionized water to a total volume

- of 1 liter.




i 
' of the form y = a e where y is the scale reading observed

' 1Ŵ 

I at time t. After solving for the constants "a" and "b" with


the aid of a Wang programmable calculator, the half lives of


| the sulfide additions were calculated (see Table 1). These


I results, which show the sulfide considerably longer lived in


base purged hydrogen, are believed to be due to the much lower


; levels of trace oxygen present in compressed hydrogen. For


routine analyses nitrogen was used, since the somewhat lower


I measurement range obtained with a hydrogen purge is offset by


i the hazards it presents when working in poorly ventilated areas.


An alternative explanation for the non-linear electrode


response might be that trace metals could be present at ̂ 10"-*


to 10 M in the base solution which would precipitate the same


concentrations of sulfide. However, if this were a significant


^^^^
{ factor in electrode behavior then 0.2 M NaOH should give a curve


which is Nernstian for at least order of magnitude lower


I sulfide concentration than 2 M NaOH. Actually the two solutions


give very similarly appearing calibration curves.


*- Because of the instability of sulfide solutions, the


i preparation of a standard potentiometric curve for these


analyses would require several steps. The sulfide solution


L must first be standardized against a stable reference solution


t and then used to construct a calibration curve of electrode


potential vs sulfide concentration. Also, the volume of base


| added to funnel B would have to be accurately measured.


However, by the standard subtraction method the volume




r

r
̂

............s in funnel 3 need not be measured accurately since the addition


I of cadniur. precipitates a known portion of the total sulfide


in solution. This procedure also eliminates the need for a


* sulfide standard and the construction of calibration curves.


f, A wide change in sulfide concentration from one sample to

ti


the next is easily accommodated since the init: al reading is


| arbitrarily adjusted on scale.


• The accuracy of the method was evaluated by analyzing


a series of sediment samples and comparing these results with


I those obtained using the modified iodimetric procedure. While


the' two methods give comparable results (see Table 2), the


iodimetric analysis is more time consuming and less precise.


; The considerable error found in the iodimetric analysis of the


*%^S third sample indicates that the result is :lose to the detection


J limit of the method.


To study the stability of sulfide in anoxic sediments


the Aquarium Dock sample was analyzed within 1 hour of col-


I lection. Portions of it were placed in polyethylene beakers


which v/ere covered with Parafilm and stored at -15°C. Samples


[_ were thawed and analyzed after 1, 6 and 14 days. There was


• no significant loss of sulfide from any of the frozen samples.


Samples stored for several months in this manner do show signs


of air oxidation including the formation of a green layer in


the sample closest to container walls, indicating the oxidation


L of ferrous sulfide.


t̂  ......^ In summary, the method provides a sensitive and precise


L
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(" means of measuring the total acid soluble sulfide in sediments.


\**/ Sample handling is minimal and only 3 reagents are required,


I of which one is the commercially available Cd standard and


r the preparation of the other tv;o need not be precise. The


technique is free from the interferences v;hich affect spectro-


I photometric and iodimetric analyses. Those precipitated sulfides,


__ such as HgS and CuS, v/hich do not readily dissolve in hydro-


I chloric acid will not be detected, but these represent a small


I fraction of total sulfide in most sediments.


L


L

L

L
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r TABLE 1


r
 STABILITY OF DILUTE SULFIDE SOLUTIONS


i

2M NaOH SAOB with 2M UaOH 

with 1^ purge N purge v/ith H- purge 

7"7
 ~
tS=] (M) 3 x 10 10 IQ 7 

.Hcded


-Half Life 8 11 25 

(rdn. )


Vrora linear regression solution of the form y = ae


L

L

L

L
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TABLE 2


METHOD ACCURACY


Sample Sulfide Concentration

(parts por million)


Description Weight (g) 
lodimetric Method Electrode Method


Off Y,C\J England Aquarium 
Dock, 2/1/73 0.15 2300 + 250" 2150 + 70


i

en
Bird Island Flats,

03


Boston Harbor, 2/5/73 0.2 810 + 20 810 + 21 I


Buoy "BWUC", Broad

Sound, 2/1/73 5. 1.2 + 1.0 1.14 + 0.11


"Error estimates are standard deviation values for triplicate analyses.
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L

L A- 30 cc. F-fritted funnel


B- 60 cc. M-fritted funnel


L
 C- Sampling port

D- N2 3-v.ray valve

E- N2 restricting valve


L 
F- Pyrex delivery tube

G- Plexiglass cover

H- S= and ref. electrodes


L FIGURE 1
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v ^ APPENDIX 3


I

CRITERIA FOR THE SELECTION OF DISPOSAL SITES AT SEA


J On the following pages is an abstract prepared by Guy

t •


C. McLeod, Director of Research, New England Aquarium, from the


I manuscript "A Proposal for the Establishment of Criteria for


I the Selection of Disposal Sites at Sea", by Rchard H. Maehl of


the Research Department. The original manuscript v?as presented


1 to a Corps of Engineers study group on ocean disposal in


December, 1972.


I


f


L

I

L

L

L
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r 
Criteria for the Selection of Disposal Sites at Sea r 

it'sc to predict fate of rr-aterials du—pad, ar.d to predict tha crangsa 
produced in the environment by these du—pir.r-,3. 

Important IJj s t i r.ctior.3 
The neir chore r^ior. has reseivsd virtually all the v-arir.e './aste 

disposal of the past ar.d the scor.o-^ics of ir.ir.uporti'-.r ' -JU^D iia'icrials 
will insure that this cont.ir.U33. The region eor-3T.itutc;3 a scall fraet-
-iori of th.3 area of the ccoar,, and because it is generally shallow as 
veil, an even snallor fraction of t>.j "olv.^}» I:-ir c i'-i r^ii nixir-^ be 
invoked to dilute ar.d disperss a-.i'ay these vaates . l<et trinaport of 
bottom sediuents in an on-shore diroctior. has beer, noted, :ind lorg shore 
currents aro cor.rror. keeping dissolved ar.d suspended "aterial near ths 
coaota and in relatively hi'^h concentrations. Finally, this sa^e near 
shore region is the site of coat important fisherica and recreational 
uses aa \;z\l as bairg nearest to the concentrations of population* 

I 
A second distinction ^ust be riade in the sir: of a particular du:rp-

-ing» Is the goal a dispersion of material -.'ith dilution serving to 
protect the snvlron^isrit? Cr is it imperative to contain the j^aterial 
at a given sits to allow slow degradation cr even dissolution to tako 
place? The choice of disperaion or contair^rant} of course, deterrdnes 
very different criteria fcr si*3 selection. 

(1 ) li™.ediate fate of the niaterials and their introduction into I various ai eas of the zaarir.e environment. This is the dor^air. of hydro-

I. 
-dynamics and i^ is proposed to build on the relatively strong theore-
-tical base availablr- and to utilise sonie existing field —eaaure—ants. 
This should provide the icea.r.3 of 

(a) Predicting physical effects on the environment (s.g. changes 

L ciu-3 to sedlnentationj and turbidity) and tha distribution of biological 
and chaisic'-vl pollutants already in ths liquid or dissolved stats. 

(b) Prediction of tho distribution of solid sources of ch.erj.cal 

L 
pollution. 

(2) Concentrations of chemical pollutants, including in rany casas 
the rates at vihich thesa ars b^ing introduced (or renjoved) by non-Liol-
-ot;ical procesaea. The working definition of "pollutants" will hero 

L include nutrients. Tha considerabla body of knowledge o? solubility 
constants, corrosion rates, and stability constants of conplsxior.3 vill 
provide t\ ^ood beginning v/hile cocolexation with orgrnics will r.ocd 
investigacion. 

( j ) r,-jspor.se of the biota to tho abov-3 considered chsn-c-s in ths 
environment will be considered. Uvory attcnipt will ba rrade to entire-its 
cfi'cct.s r.Jt yet i.ivc-stig'-ited by extrapolation alonj lines of biolc-ical [ r>indlari^y f.nd alon^; lines of chemical siiiilarih.y» 3ubsoquen'c.ly, tho:ts 
areas ::ost in njed of diroct investigation, ^vill bo idcr.ti:iou ar.d th j 
rec-uisito ri'cudi';3 outlined. 

I--* 
L 
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yara-^r-3 (cont)


Since it in the chergs.-i in the environment that aro of concern the

proposed site uust be characterized in terns of the conceatratior.3 of

the s?.~e substances before any v.nste ia added* Further, this icust b»
r done for both the waters and the botton. sediments.


Interactions
i "i/hila th? shser r.u-ber of pars^ytora bê ir.3 to suggest the ercnrous

scope of the problem, it is the int-^ractior-s ar_or.g the- that introduce

its real eo^plev.ity. Consider a single "pollutant" 'added to the r^arine

cyatenby dumping, oo^e of this substance enters already in solution

but co^e is tied up in a solid which will dissolve with tine in sea

v;ate'r. Just in order to predict the concentrations of X the fate of

both liquid and solid fractions of the durrpir.?; ;r.u-3t be determined. Then

the rate of dissolution of X nust be e^tir^ated, and the fate of that

fluid fraction. If substance X is a metallic•element then throughout

its history the concentrations .of its various for-is irust be considered:

simple hydratea ion, ion pair> inorganic coirplex ions, and organic - co^—

-pieces which in turn depend upon concentrations of various organic

pollutants.


The incorporation of and physiological re-action to the taetal defends

on ita fora. Hence not total concentration but concentration cf spec­

ific ferns is the parameter of inport^nce.


•Substance X will also ace ululate in the-bottor: sediments di "ectly by

adsorption r.na/or precipitation as wall as indirectly with the renains


L 
of organises.- i'ron which it will be extracted by filter feeders* The

c'/.tont to which substance X adversely affects a given sp;

has further effects.


i .

.-a The purpose of the studios ia to provide a yardstick to insure that


smch individual r-tudioa- ave sufficient., to pro'/ids thea with and-expand


L
 the currently available data concentratir.g on key areas -that O.T-S of -the

irost general value and applicability, and to lay out guidelines for the

actual ceasufy~5nt3 and &-,cperirnent3 necessary*


L
 The general fornia,t of the report to result from the proposed study

is thai bi''a: n-unual "to os'r/a a3 corr.pleta juidis aa now. possible to the

evaluation of a pDrpoasd discharge of waste at sea. The Jianual typo


L 
ruport uill bb?;ln viva th-.-; topic oz1 waste nateriai characterization

followed by nlte charact ;"riu-j,tion» Then \i ill follo.-r the predictive

portions; Hydroiyn.'iru.c, or transport, prediction will be-: covered first,


L 
followed by physical and che^cal p;.r:v.::ster3 and, finally, biological


U


L 
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I ( • ) Cr-.f-^tqTl'-.At'.QTx or..-o-'.-i-.?J>\:.-ri>-.Vi 

I 
i'-.v--:.-:.,-.?.::: c-irr-jntl" b-,--'.r;; durp^d r.^ ::-:-a car. b- pi -5 cod in four ru jar 

I 
citcjoriej: i. ir-iujlri0.! -..-."jt-i-i 

ii . C.-OJT; : spcil.'; 
iii » i T, w:,' o olu'I^u 
iv » ..:u." Lei pal rc;fu:. ; (bale.1, or ii'.-ir. jr?.':".i) 

I ^r.iuix.ric.1 ',;-j.3t;r, ar.d :.unl::i_ -1 r^fu:;,.- nrr; or-\:.-pl j  j of c^'js'j vr.ors 
' so:.:. iir^nw rather than diap 3r.;Lor. should b-: 'ch :; goal cf •?. carir.c dis-

-no"1!! plc.r.« Ihc che-^ical aj^esr,:; of b,h:; yrobl .~ center a round th.3 
p" rate* of corroaion of cor.iiir.'^-a boMn in tvTrr.J of tir.a vi.-Ail f^ilurs of 
I ths contair.o'r ar.d sr.3 a SO-JTC-J cf h-j^vy r.?:.:il^k Tho corrosion ratj-3 of 

coppt-r alloys ar.d r> Lc.ois d^c'/caoa vrith a ua-rei.c-i in th'j o>y»o.i con-
-centratio:\ of :;ca vratar Vihil-j tho corroaicri r'lt^ of rojt «ilurir.'ii: 

| alloys ir.crc3.osd '.ri-ih dncr-jasir.j; oxyr.-jr. cor.ccr.trotior.o Th:3e dita 
nu-gest that cixid-j for:^a'':ion is pvr t of tho corrosic.-i p.-co-3s at doc^h 

I and the ciffcronce in bo'-ijivior sror^; ths n_-t^ls is dus to tr.3 fcr."i>ior. 
of protsctive oxidos ( c « . ~ f  c Al ) or r.o.i-pi'otoc cive o:-:idc3 (o^. Gu r.v.i F3 )» 
DifiKolution is also clearly present o 

For an ordor of -^a^r.ituda calculation cxc.~plc corridor Cu or 3::t, Each 
square rr.3t3r_of L-.3~:al surfs.ss yields lOC-HCO r;rf.^ which requires c. volume 
of 1 x 10^ ~? cf soawator to losp this incrs.i'j^ in cor.ooritration t j "J-Sppb* 
If only this squ-irs r.etcr of natal surface i'; assuzi^d to bs flushed by 
1 u2 of '.,-ator, -whun a colvjxi 1 x 10^ s long va^t flow by v,-ithin th- tino 

I pcricd cf cr.3 ys?.r» This would requiro n bo t'coa curror.t of appro:<i^atelv 
•̂̂  6.07 kr/jt? a ret^or.zbly s:call vtlui, 

L Thc ro.to cf introuuocirjr. f ron the :-i::i-,llic cor.por.or.t'j of refuse c^n 
bo detor^ii'.od usir^ the &.pproacho3 and dati introduced under Industrial 
V'aotc3» Usir_- 2n as an cxa'-plej c:\3 can aisur^s half of this is prestn:, 

i as £alvarJ.'.icd coatings « './'eir^hi. loss f'.sta prc-dicta that ell of this zir.c 
| \.'ill h.v-/e bser. lost to tbs saa -,,'^ter in Ie3s than a yoar» Thu.3 for eich 

ten of balid refuse or ths ash froa t;iu in^inaraoion of or.o ton of r of use 
th^ro 5.3 in'-roQU-ioi fron this oouc-ce txlono 1 l::j of 2n» This ri-qv.ir-is 
a v.'.'it&r volvv~=5 cf "1*2 >: TO1^ 1̂ 5 to raiuce to a conc^ntraticn of 1 ppb«-

To view this in Lerv.s of f lovir^ -*MtET} ass-.ir:^ a c:-033 Eect\o:-. of 
1 n^ fo** n bale of u.un.lci.->^.l w a s t j  * A coium of water 1.2 x 1C-' n Icr.-' 

o * with a 1 r_- croc;:; section rust flow past this b2.1e within tho ti-o 
period cf di^cslvir.^ to ke^p the inoroa.S3 in cone or.tr at ion of sir." do.-rn 
to 1 ppb- T.f th«3 tinu period is cn-j year, th^n Q bottom currc-rrc. cf O.G 
kr.ot i-s rcT..ilrodc. This ii too fc.st for sors cf ^h-3 contir.cnt^l ri::e 

df. Th.-^.so calculo.t.lor.j ajsuna that ";ach cq^'.^rc E_ctjr of 
walsr p o r p e n d i c u r - r to the ciurcn:. directior. is o~cupie: r.y ony cr.D -
aush ton or th^ ir; in^ralod rn:-,idu3 cf a ton of refus--* That cor.Jltion 
vould only hold tru.? for a rolv-tivsly cliup-vrsad arro.y of \r :s 

CreJ:;vn.- operation.! introduce sev^rc-l unique factory* 'n'hile nil 
types of ch-"_.lc:',l pol lutants ar i pojcible, r^qulrir.j ey.t'.-.nsive rn.v'iyiy, 
the bulk of the nai-:-j.'\l \i\\\ 1.-; natural c-j.-ilc = ::ta/ Thvrefore it is 
n^'j'j'j:..iry to d) r. ^ir_;uiohv in tho c r^e of h^-uvy r.'rtal ue'.'itcrr..s> th:1'. 
V  ̂ .* * - v- *- ^' ^. x *- ">  J * v , _  ^ * ^ * 1 - . T v * - ! - ' , ^ ! * - , - ^ » v ) . v . O '  i T . /  w T j j . —'1 »1 _*^ ~ i ̂ .,1* ' .L * t-1'/** M  ) JL *^ ^* * j * S * *̂ 1V • .V ,•- it •* ** i-X.1" _ ! > . • * • A »  « t .' .v .^ . > 
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which preceded it* Any oxterior dredging program will involve conuiderabia 
variation in :^a.tarial laterally and particularly vertically* Coring, 
to the full depth of dredging, with sarrpling throughout the length of 
the C0r23 will bs necessary to estiirate total i^asses of pollutants in-
-vol'/ed. 

Grain si^e analysis is another important para^-rtar in dredged spoils» • 

(2) .Sits Sqssription 

Ii'ot nerely ths ii^nediats sit? of waste discharge, but the entire 
region to ba affected by ths subsequent transport of waste roist be described 
in ternia of those chexical constituents to bo added or that display 
synsrgistic effects with thos-3 to bs addedj. grain size composition, and, 
of course, the biota present* For these parameters beat cethods have beer, 
compiled along with acceptable sampling procedures , utilizing correlations 
aiMng constituents to rcdixce the analytical requirements wherever possible* 

For the deterrnination of hydrodyr.arde and sonig physical variables 
( e » g « . currents, turbidity, anbicnt tecpsraturs? and water density profiles) 
ti'^a depsndencs is critical and appropriate sai-pling strategy as well as 
meu3ure~snt nisthoda will b«s develcpsds In thoss areas v/hgre ra^id dis-
-persion of ths discharged waste is exp-ected> for fi;carn)le3 seasonal ccrres— 
—ponder.ce between sa^plir.g and d'.u^pir.g raust be assured» Vihers long terra 
dispersion will occur nothing leas than near, anrual values will suffics* 
Tho duration of thercoclinaa nuat alv/ays be considered in cases of con-
-tinued discharge and its prcsencs or absence during the particular tine 
of short tern discharges bs determined» 

) Hydrodyr.anica 

Tha first stages of ths predicted transport of wastes ..1,iJ';b.rt.\"'̂  j4 -^x. 
i';a (e .g* ccnvsctivs dsscer.t) are susceotibls to theoretical treatment. 
Methods for the ceterndnation of ths eddy diffusion coefficients are 
also available and would bs included» 

The problem of the nature, and svsn the existence, of; CL "collapss" 
phiise, on the other h-i:ij, requires so:;e original work. The goal of x-his 
effort would 0-5 an empirical expression capable of predicting th^ extent 
of Lh; collapse phase in dio'jhx-g'js so that the starting point for the 
long term dispersion can bo sati3"-z'jtari?.y estir^o.ted-

Long tr-?r.r d-.3perjicn was s'jsn to be ar:«r.silil« to theoretical treat^^r.t 
and ^he3e will bo ir.5i.ui.}-! alo,ig './1th the conditiarj r.ecessa.ry to nt>et 
their governing jiari 'X-ptior.a* 

The question o ? bottou transport and rcsur.p"n.<i.on ia Ir.tir.Htolv 
r-_-l \ y a d to th.: rhy^lc.xl r vr ic'tit-jr ; Df ":.urbidl~." ar.-'. oodlr-^nt chiracT.ir-
It i:i o>:p ;.;':r;'i t jvit t h j '.•:cr'.: of ccV.^r.T, o-g . o-.yli , wi l l provic'.:; tho 
r. .•r^xv-vy vrorl : or. tr . j "ub j - jc t of to.rbvli.ty, ;.>f.r r .o» 'rroii th:: vi :w:\TLnt 
ci.-" t;-.lr.j;i.5r".-ii.-Lon of U3-Ji-:-;rr..-j ."'.long th ; obtr-o:^, c-xi-jtif.-- thr-orotic il 
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treat-r.-.'-s of th.3 topic will be extended to consider'tha rate of material


[ (-'0 Physios . ' 

The subject of temper a varr? ha.^ bean included under Katrrial and 
f Site Characterizations, while turbidity and sedir.ent chir^.ctcr have 

be-sn treated under both Sits Characterization ana ths cotton trar.s-
-port and resusper.aion subdivision of Kydrocyr.Cxi_ic3 • 

'5) Chenistry 

In addition to ar^alysis and sanplin^ studies work on re-action rates 
from tha point of view of durability of containers for retention of 

and rate of introduction of pollutants is irrperative. Additional 

'.psi 2.',ux e n:;j.j.t; u u - * i i ui .'iita ucciJ. .-rj.u,i i/iit; ^ U . I - L ; ui u j -o^y . 

^acking cetala and determining the dissolved products.


After analysis of any typa of vaste, there arises the cuea'iXon.3 v2

••;' ->3c ;ption fro^ any solids present and formation of particular ionic


i species in solution. These v.'ill bs examined specifically for the case 
! of sea water utilizing, examples of three of the najor types of waste* 

(6) Biological • 

L The biological investigationa needed for a complete treatment of 
the icarine disposal of wastes are er.ornoua» Clearly a few key areas 

be selected for Mock tha't './ill ba broad in their applicability. 

L Th>j  a(a)  offect of  suddenly imposed rp.rine environnsr.t on 
several specijs of tarres trial bacteria that nre no r really 
important in degradation of wastes* (and narir.e bacteria) 

L ( h  ) Toxicity of selected cc nip or. ants to different trophic i-viila . 
(c)..Studies to establish ths quantitative relationship be^v-en 

T,he concentration in sea vater of cczo substance and th<; 
:>ubsecu-ino concentrations of this sub Jtar.ca in '^he food chain. 

\ 
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7;>c contrast or c':?.ll perform all *;or~: required to .r.ccor.plich trn intrat 

o? thi." contract md, as part cf cue"1 vor'.:, s'nll "crfczr. the foll:-.:ir^j 

sp-ocific cervices: 

?.. Critorij. Inosnuch r>s criteria for dispoa^l c.lt-3 nelcction nra crJ-y 

in the for.^tiT-o atcqe of rjO'/oloT^en--^ p-;.^s 17-21 of an article in the 

Spring 1972 edition c.? T'-.tcr S-^rbrru-.j 7ol. b., ""o. 1, poblisl-icc by Office, 

Ch.ief cf En^inaerG, entitled, "Drecl^ln.2 Disposal", is fumiohed th.e coat rec­

tor to corve ss a f !ctrt^ of tho art" 'oasis for the contractor's considemtion 

and o\rnlu?.tion, L?joratorr arvO-yses shall ccusl or e:^Dsed cccurocy require­

rxsnts of rt.^nd^rd •'othodSj A.?.1!.A. 3*iel:i observntlonG shnll neet r.inirr-r?. 

civility str-dcrds of USIf, I-I.O. ?ao. 607, r.^tructloa "on-^l for nbt-inin.-; 

k» CoorJlrvtiont It is anticipated t'-.ab a ci'dlzr nito selection 

atudy in ^ono^ocot 3 :̂̂  "r.ine, Trill b? c^'^i'ictc:1. by othors concurrent i:ith 

t^is study. The continctor ".rill co enpectod to e::c*.ian~o fronly hie idscs 

r-nlntiv.? to his '..-or1..: ",iith thr>sc of hie ccuntci'pr.i't on th^ corrsl^ti.'ra 

cr-ud?/, a:?tor Inii;i-ition o-" th^ ot'icr cortbrrcrfc, .f^r fio p'ii"p03c of nrbc 

Eolcction critori-1. evaluation cn.i rwtunl ^r?3istsnce» 

c. Lltcr.-v!v.rr? S"jr-.'o-r. Ths corrtrrLctor shall coninot a litciivture sur­

vey cf the c::lctin'-; u?ta bane ca c^irronts ond ccnthic comiuiiticn in 

T'lczfrdr: "firy \f\Lc\i T.:ill ccr%rc rs a banis for detorriinir.^ tho o;:be"it of 

^ddlticml "c-rorol field fjo'v^lia" c-id current cbacivp.tio-i.'j rcr;'iircd to 

s conirj-c. 
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^* —G1- T'''or'':» '"'- scries of sites nholl bo Gclccbod for field cr-:--:l:.n~ 

of banthos, S3 ri'. ".ants rrrrjl the: -.rr.tor colinn, ?ho GDvorment "5.11 G'-npl:/ 

;"rrb o?.:r->lc.<3 a~° cr-res ac required "by the cD::trr_ctor. 'T'vjrbj.dl'o^/ obsor;rr.~ 

tlcns or serial s;.v~pende.?i sedLnont. s-r^leo shall bo tr'cen for correlation 

;;rbh car.currcT.t oon3rvnt3.ons l)',r oihors in tho Rhode Islsr.d So^ir.d, Busn^rds 

B-i7 raou.th, to establish a dntr. b~se f^r cvalait in." t'irbidit" cac':-ronnd 

iriic'". con TXD rolatcci to possible aidition^l "ii.irbxdity c.?.tiG3d 1r,.r daTpin" 

,?t ij'-.c Golectsd site. These cbscrvrAions shall bd psrforp.od by the cor.-

tractor on n vsssol furnlshoci '07 the contractor xnvlor this c^atract* 

c. Lgbor^tor"' "or!:. A naries OL' laboratory amlvses shall bo nado of 

-ratnr qvuility ^arcr.oters, iticlu.din-~ turbiditv, trnce r.oty.ls (norcu^, Icc.c^ 

cir.Cj cobalt, coppsr., chronLix.",, and nr3.:nic)a socllT-Kvat^ry q-.ialitj r.r.d sine 

distribution r.'.r-.lvses,, inlicr.tio^s of residual petroleum products, and 

?CDfs. "ietr>lr> sh.^ll 1>3 r.nal^ocl in the irc.tcr coliir.n ns :.Tall aa in cores 

obtoined in selected sites, 

f. Rar)prt, A report shall bo ."iilrtittcd in triplicato, indicating t':c 

sitc rtDGt ip.voi'cd for d'JnoLivr fron r,h.o stancinoLrib of produci)!" Icnct ccolo­" 

v^ica.l cinnarie. It shall act forth tho reasons for tho S3ioct-.cn, xncl'vidLnj; 

s-lntn "brc'rtip, P.P:S nhall describe in detail fie rnticr^lc ussd in orrivlr^ nb 

tho sr.L-ctcd site, /ll c^ta obtained in tho st::dy sh^ll bo oub-nittod "ith 

the report inol'.uiin; site •plsiu oho:;in:; r.crolin™ mo. co?-locr. Ion ^tatiorj?. » 
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Also include:: 3':?11 02 ai opinion of t'n ecolo^lc.il ef:?ccits of th.: dlcvcsal 

of i::provi~^r.t drod^Ln-j r.c't^ri-la fro- 7.-Lr'.i?vari '-'arbor crcol on s.jJir^r.t 

anaV.rso^ to "c-1 furnls^si "07 t'.ic CovrriTio.it. on the dLcr^osal r-rour/j. end on 

tha surro'-.r.dlr:" oc?nn ?rea. j\"ocrvrc cu.1̂  t'io report o!"^"11 dicicasa cc3".n clia-

po3^1 criteria ns they relate to t'r.o ''.ib3r Opoc'• r'ri article and the c^rrtrac-

tor's Inbcr".ction3 :;itb tho irrrasti^ator cn^DSod in t>.o corrclativo cludT" 

of Ponob^cot P?7 ult'i the viov of ^dvoacinr; t*:3 prccont st?:;o of ccouii 

di^posrJ- site critarin cc'/alopr-^nto 
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ABSTRACT


PCB concentrations in clams (Mercenaria merccnaria) and oysters (Crassostrea


virginica) from 17 stations of the western and New Bedford Harbor areas of Buzzards


Bay, Massachusetts clearly show that the New Bedford Harbor' area is severely pol­


luted with up to 5 ppm dry weight of PCBs. The most likely sources of the PCB


input are chronic releases from two electrical component manufacturers in New


Bedford. A close proximity of the shellfish to the source of input is indicated


by the high relative abundance of the di-, tri-, and tetrachlorobiphenyls. The


data suggest that the New Bedford Harbor area should be considered along with


the Hudson River and Chesapeake Bay as one of the major sources of PCB inputs to


the northeastern U. S. coastal area.




-L


TNTRODUCTTON


Following Jensen's (1) report identifying polychlorinated biphenyls. (PCBs)


in organisms inhabiting Swedish waters, there emerged with each succeeding year


further evidence of worldwide contamination (2). Although recent legislative


action (Toxic Substance Control Act, 1976) will restrict further contamination,


the toxicity of these compounds in conjunction with their resistance to environ­


mental degradation (3) requires that their proximate and long-term effects on


•


marine life be examined; and that their distribution and movement through the


environment be continuously monitored. Of particular concern are coastal areas


where commercial and recreational shellfishing and fishing, in benthic environ­


ments known to possess hazardous levels of PCBs, may result in human consumption


of contaminated organisms.


The presence of two large electrical component manufacturing facilities


engaged in the use and discharge of PCBs combined with the existence of a local


fishery suggested the importance of studying the distribution and accumulation


of PCBs in the New Bedford, Massachusetts area. This study employed one of the


edible clams, Mercenaria mercenaria (L.) as an indicator for several reasons:


1) they are sessile and thus indicative of regional PCB distribution, 2) they


inhabit the benthic sediments in which large quantities of PCBs have been iden­


tified, 3) they are microphagous and selectively process particles in the size


range that absorb PCBs (A), and 4) they are significant in local fisheries,


both sport and coinnifroinl.


*1ATERTALS AND METHODS


Collection of Specimens


Clams, Merccnaria mcrccnaria (L.), ranging in size between 37 mm and 106 mm
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majority of sampling sites were Jocatcd in liu/./.anls liay w j t l i i n a 5.8 naulical mile


radius from the entrance to New Bedford Harbor (Figure 1). For comparison, addi­


tional specimens were collected from the Westport River, 1.0 nautical miles from


its mouth and 14.0 nautical miles from New Bedford Harbor." These organisms served


as low level control samples. The precise locations of sampling sites within the


study area were determined largely by the distribution of the organisms. The


Slocum River estuary was also sampled. Because .M. ric)\'C.nari(i was not available,


we collected Crassostrea virgi-nica (Gmelin) as the representative bivalve for


this area.


All sampling was conducted during the vreek of March 11, 1978. Thus, the re­


ported effects of water temperature upon PCB concentrations (5) were obviated.


Bottom characteristics of collection sites were variable, ranging from soft mud


to unsorted sand densely infiltrated with shell debris.


Analytical Methods


PCBs were quantitatively determined in pooled tissue homogenates. All chro­


matographic reagents, glassware and equipment contacting the samples were copiously


rinsed with redistilled solvents (Reagent Grade, Fisher Scientific Co.) in the


following sequence: methanol, acetone, toluene, hexane.


The shucked clams including mantle cavity water were homogenized (Polytron R


Kinematica GmbH), lyophilized and extracted three times with hexane (1 x 50 ml,


2 x 25 ml). The extracts were filtered through a column of powdered sodium sul­


fatc (Na-SO/) Lo remove re.siduaJ water and pan. i dilates, then com:entraLed Lo 1 ml


for column chromatographic clean-up utilizing 10 gm of alumina (200 mesh deactivat­


ed 5% with water) and 8 gin of" silica ^ol (60-200 mesh dear:L i vat i-d 57, with water).


The columns were first eluted with 15 ml of hexane. The PCBs were then collected


in a 50 ml hexane-toluene (80/20) clution and quantitatively concentrated for
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column and equipped with a Ni electron capture detector. Operating condi­

*


tions for the duration of the chromatographic analysis included: injection


port temperature 225 , oven temperature isothermal at 190 ,' detector temperature


o

300 , pulse interval 50 msec, carrier gas (95% argon, 5% methane) with a column


flow of 20 ml/min and detector purge of 40 ml/min, chart speed 0.5 in/min.


Extraction efficiency from spiked samples was 80-90% or better as determined in


one of our laboratories.


RESULTS


PCBs reported as Aroclor 1254 were detected in all samples with concentra­


tions ranging from a high of 4.188 ppm (ug/g) dry weight in samples collected


adjacent to the harbor, to a low of 0.232 ppm (ug/g) in samples collected approx­


imately three nautical miles from the harbor (Table I). Samples from Westport


Harbor, Massachusetts (Site 13) containing 0.008 ppm PCB were considered indi­


cative of background concentrations.


Examinationoft:heclata^suBBe£^£^^'rad^ntof<ie'creiasi^^


f_roTTT_point source contamination similar in pattern to that reported from the,


upper Hudson River (6) . The lower concentrations found in protected coves and


es_tuaries indicates minimal PCB input from urban runoff.


The Commonwealth of Massachusetts has been prohibiting commercial fishing


north of a line drawn from Kickotson's Point, DnrLmoiitli (41°34'38"N; 70°5f>'19"W)


to Black Rock, Fnirhaven (41°34'41"N; 70O51'45"W). Sampling sites south of


this closed fishing .iron, however, showed PCB concentrations comparable to those


within the restricted area. High PCB concentrations at Sites 6 and 8 may be


due to transport paralleling the mass flow of water in Buz?,ards Bay (7). The




elevated PCB concentration at Silo 11 may be due to tida] Muslim;*, alone the major


shipping cliannel away from i lie harbor.


We have taken a few samples and analyzed them in more detail in one' of our


laboratories (W,U.O.I.). These analyses show that the PCBs are composed, of a


mixture of components similar to 1242 or 1016 and 1254. In addition, we have


analyzed a sample of scallops, Aequipeaten irradians (Lamarck) from Cleveland


ledge light (Figure 1) supplied by the Fa] mouth, Mansachusot Ls shellfish warden.


The data from these analyses are presented in Table II.

•


DISCUSSION


In compliance with the Toxic Substance Control Act, the manufacturing fac­


ilities abutting New Bedford Harbor have severely curtailed the discharge of


PCBs into harbor waters. All PCB use was, in fact, suspended by September, 1978 (8).


However, the discharge of large amounts of PCBs over the last 38 years (8),


y,, ̂  coupled with the affinity of PCBs for sediments (9) has resulted in severely con­


taminated sediments in this area. The literature reveals little data for PCBs in


sediments from this area. Harvey et al. (10) reported 8.4 x 10 g PCB/g dry


weight in outer New Bedford Harbor sediments sampled in 1973. Gilbert et al. (11)


reported values of 0.175 to 0.543 x 10~ p/g dry weight for concentrations of PCBs


in surface sediments from eight stations in Buzzards Bay outside of New Bedford


Harbor.


Risebrough et al. (12) have analyzed mussels (Mijtilu:"> edulir, L. ) from inner


New Bedford Harbor and have reported a phenomenally high concentration of 110 x


10~ g PCB/g dry weight. They also analyzed water from the area and report con-


-9

centrations of up to 580 x 10 g PCB/liter dissolved and particulal.es combined.


Unpublished data for PCB analyses of shellfish, bottom fish, and sediments




I , I I if t l i - w I l i - i l I 1 1  1 1 1 1 1 , 1 I l ' < 1 1 , i i t - , i i - y j ;i| |u | I n - I [ I < • • !  ( i f I I K ' ( ' < i i i i n i < u i u i ' . i I I l i n I f 1 . i • . • . , ! -

rluiKt-'t Is, Ik-par Lmi'ii I ol Kuv i i uniiu-n L;i L (Ju.ilily I'lii}1,1 nrr i' i i))',. Tlii-sc sample's L.ilu-n


and analyzed in 1976 and 1977 show PCB concentration values for sediments rang­


ing between 0.5 and 620 x 10 g/g dry weight; up to 11.7 x 10 g/g wet weight


in lobster (Homarus americanus Milne-Edwards) edible tissue; and up tcr 20.0 x


10 g/g wet weight in black back flounder (Pseudopleuronectes americanus3 Walbaum)


edible tissue. These data led to the closure of the New Bedford Harbor area as


previously noted.


Summerhayes et at. (7) and Stoffers et al. (13) have investigated trace met­


al contamination in New Bedford Harbor sediments. They found very high levels


in the inner harbor (up to 1% Cu in surface sediments) and concluded that the


harbor area was slowly leaking trace metal contaminated sediments to nearby Buz­


zards Bay. Processes active in movement of trace metal contaminated sediments


are quite likely to be active in the movement of PCB contaminated sediment par­


ticles in the same area. In fact, it is likely that trace metals and PCBs are


associated with many of the same particles.


Thus, even though the PCB discharges by industry have been curtailed, the


harbor sediments contain high concentrations of PCBs and can act as a source of


PCB contamination of the harbor for some time to come. Young et al. (14) have


clearly demonstrated that PCB contaminated sediments can be a source of PCB con­


tamination for shellfish. Rhoads and co-workers (15) have shown that tidal in­


fluences in Buzzards Bay result in rcsuspension of surface sediments in some


areas with the resulting probability of transport to other areas of the bay.


Disturbance of the sediments in New Bedford Harbor by natural events such as


tidal movement or storms or man-induced activities such as dredging will prob­


ably result in contamination of other Buzzards Bay areas.
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(11) or our own findings of 1'CBs in the scallops al Cleveland ledge lighL. How­


ever, PCBs are so widespread and ubiquitous in coastal regions near industrial­


ized areas that we cannot be certain at present of the origin of the low concen­


trations of PCBs at Cleveland ledge light and Buzzards Bay surface sediments.


The data on PCBs in New Bedford Harbor are sufficient to identify this area


as one of high PCB concentration in both sediments and biota. However, the exact


magnitude of the problem has not yet been investigated. The critical questions


#


of the size of the reservoir of PCBs in the sediments of the harbor and the ex­


tent to which they are a source for contamination of other areas of Buzzards


Bay remain and we are pursuing answers to these questions.


The few higher resolution measurements available to us at this time indicate


that there is a substantial concentration of the di-, tri-, and tetrachlorobiphenyls


in the area in comparison to the amounts of penta- and hexachlorobiphenyls usually


found in environmental samples. This indicates a proximity of the samples analyzed


to source of input via effluents. The di- and trichlorobiphenyls are more re­


ictive than the penta- and hexachlorobiphenyls and as distance and time between


input and measurement increases, there is a greater probability that the less


^chlorinated biphenyls will undergo reaction (2). The electrical component manu­


facturers in New Bedford used primarily 1242 and 1016 PCB mixtures. Thus, the


'input of the less chlorinated analogs is expected. The New Bedford Harbor and


Buzzards Bay ecosystems provide a system to study the biogeochcmistry of the var­


ious PCB isomers and we are currently pursuing this investigation.


Our data on the PCBs in oysters from the Slocum River estuary (Table I) may


suggest a second problem with PCBs in the greater New Bedford area. The PCB con­


centrations in C. virrjinica from the Slocum River estuary are in excess of those


in M. mercenaria collected off the river mouth. It is possible that lateral
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upstream in the adjacent Slocum River would exceed transport to a point off the


mouth of the river. We think this is unlikely but cannot be more certain be­


cause of lack of knowledge about sediment transport in the area. A second pos­


sibility, and one we currently think is more likely, is release of PCBs' from a


landfill site to the aquifer feeding the Slocum River. It has been established


that there are over 200,000 kgs of PCBs buried in the New Bedford municipal land­


fill located on the aquifer feeding the Slocum River valley. A few preliminary


measurements have shown that some PCBs are present in waters draining from the


landfill (16). Extensive contamination of ground waters was not found, based


on a few measurements. However, time series measurements and mass flow calcu­


lations have not been made (16). This problem merits more extensive study as


the aquifer represents the primary source of drinking water for the Town of


Dartmouth, Massachusetts.


Recent measurements of PCBs in the common blue mussel, Mytilus eduli-s, and


in oysters, Crassostrea virginiaa, collected around the coast of the United


States have shown the northeastern U. S. coastal area as more contaminated with


PCBs on a regional basis than most other areas of the coast (17). The data and


discussions we have presented here suggest that the New Bedford Harbor area


should be considered along with the Hudson River and Chesapeake Bay as one of the


sources of these regionally elevated concentrations.


Wo thank the officials nnd scientists of the Commonweal th of Massachusetts,


Office for Environmental Affairs, nnd its various departments for making avail­


able unpublished file data and discussions. A.C.D. and .T.W.F. acknowledge support


by the U. S. Environmental Protection Agency, Crant R 8042-15, the "Mussel Watch"


Program.




TABLE I


Sampling 
Site 

1

• 

2


3


4


5


6


7


8


9


10


11


12


13


14


15


16


17


Organism Avg. ppm Dry Avg. ppm 
Wt. (ug/g) Calculated 

Wet Wt.Vv^ (ug/g) \ 
Mercenaria rwo^^~ 4.188 0.524 ' 
mercenaria \' ~~ 

\ 
" " 1.363 0.170 ' 

" " 1.751 0.218 -^ 

" " 0.443 0.055 l 

" " 1.536 0.192 i •' 

" " 1.418 0.177 « 

" 0.290 0.036V 

" 0.625 0.078 ' 

" " 0.537 0.067 ' 

0.232 0.029 v


w" 1.042 0.130

" " 0.879 0.110 "' 

0.008 0.001 

/"» / \ * i r\ c /* r\Crfini'.o" l.rf.a v*}<-\ 0.5oO 0.070 
5\JV^ Virrji.ni.c.a. C \/ 

" " 2.566 0.321 

11
 " 2.276 0.284 

" " 1.472 0.184 ' 

Avg. ppm Dry Wt . 
Corrected for 80% 

Extraction Efficiency 
(ug/g) 

^ 5.235 
* 

1.704 

. 2.189 

0.553 

1.920 

1.772 

0.362 

0.781 

0.671 

0.290 

1.302 

1.099 

0.010 

0.700 

3.208 

2.845 

1.840 



TABLE II


Mixture of 1242 and 1254 PCBs in Selected Samples

from New Bedford Harbor and Buzzards Bay, Massachusetts.


Site Organism 10~6 B/8 Dry Weight


1242 1254


Mercenaria 1.59 1.46

mercenaries


10 0.22 0.20


Cleveland Acquipecten 0.093 0.185

Ledge Light irradians
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MEMORANDUM


TO: •Hanss BoiHan  Bonne 

FROM: Russell Isaac f\ »* ­I 

DATE: June A, 1980 

SUBJECT: PCB Samples in New Bedford Discharges


Attached is a copy of results for PCB sampling. Cornell-Dublier is well

within the limitation noted in the permit. Aerovox no longer discharges

directly to New Bedford Harbor. The wastewater treatment facility also

contained a small amount of PCB.


Some shellfish (quahoags) from Falmouth contained much less than the

maximum 5mg/kg allowed by FDA.


RI/rg

Enclosure

cc: J. Gould, DWPC, North Pembroke


W. Schwarz, DEQE, Amherst

A. Comproni, DPH, Boston
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INTRODUCTION


Polychlorinated biphenyls (PCB's) are highly stable compounds which have


been found to be toxic to man and other animals (Weimer et al. 1976). In re-
r

cent years, their presence in the environment has elicited the concern of


several government regulatory and health agencies. PCB's are known to have


been utilized by three companies in Massachusetts. The General Electric Cor­


poration, located in Pittsfield, has discharged PCB's into the Housatonic


River. Aerovox Corporation and Cornell-Dubilier Corporation, both located in


New Bedford, discharged PCB's into the Acushnet River from 1947-1976 and 1942­


1976, respectively (E. Wong pers. comm.)^.


In September, 1976, the Massachusetts Division of Marine Fisheries (DMF)


began to analyze finfish, shellfish and crustaceans in New Bedford area waters


for PCB content. Sampling was not part of a pre-designed program but was acti­


vated as* a response to requests from other government agencies for information


on PCB levels-in edible fish from the area.


On March 8, 1977, the Massachusetts Department of Public Health (DPH)


issued a warning that bottom feeding finfish from a portion of Buzzards Bay


adjacent to the Acushnet River (Figure 1), should not be consumed as they con­


tain PCB's in excess of the 5 ppm Federal Action Level (FAL). On June 2, 1977,


a second warning was issued relative to consuming lobsters. Analysis of


additional samples taken from 1977-1979 resulted in a DPH closure of this area


on September 25, 1979 (Figure 2). The closed area was divided into three


sections. Area 1 was closed to the taking of all finfish, shellfish, and


lobsters; Area 2 to the taking of bottom feeding finfish (eels, scup, flounder


Edward Wong, Malacologist, U.S. Environmental Protection Agency, Lexington, MA

02173.
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Figure 1. 

MASSACHUSETTS DEPARTMENT OF PUBLIC HEALTH 

HEALTH WARNING KEY 

AREA I — Bottom feeding fish, thell'^h and eels not to be eaten frori these 
waters because of PCB contamination 

AREA II — Bottom feeding fish not to be eaten from these waters because 
of PCB contamination 
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Areas subject to PCB closures include (1) waters closed to 
all fishing activities, (2) waters closed to lobstering and fishing 
for bottom feeding finfish, and (3) waters closed to lobstering 
onlv. 
New Bedford Standard Times 9/26/79. 

Figure 2. 



and tautog) and lobsters; Area 3 to the tak: ig of lobsters. Many people felt


that the DPH may have over-reacted to the PCB contamination problem,, Closure


lines were apparently chosen not because they necessarily delineated spatial


contamination but because they were readily identifiable and connected con­


venient points on land. Lab_oi'atojr'y_analyses indicated that of all the species


sampled, only eels consistently contained PCB concentrations exceeding 5 DPIT,.


DMF continued to analyze for PCB's during 1980 because of this agency's


concern with the contamination of marine resources and the impact of the


closure on local fisheries. The Division found it necessary to compile,


review, and analyze the results of work completed to date. Our objectives


entailed: 1) ascertaining the representativeness of the sampling results fcr


the species populations within the closed area; 2) determining whether the


closure lines represented contaminated areas; and 3) examining the data for


spatio-ttemporal trends in contaminated levels of biota.


MATERIALS AND METHODS


Samples were collected over a four-year period (1976-1980) utilizing


standard collecting gear applicable to the species sought, (e.g. otter trawl,


lobster pot, eel pot, hook and line, and clam rake). During 1976 and 1977


when a sample was taken, we recorded location, date, and species identifi­


cation information. On subsequent samplings, we also obtained data on the


length, weight, and sex of the organism sampled; water temperature, and


salinity, ggph sample was grossly examined externally for abnormalities and


disease. Finfish were also examined internally.


Three laboratories were involved in analyzing the samples for PCB con­


centrations. Only edible portions of each sample were utilized for gas chronato­




i 

graph analysis. The DMF's Cat Cove Laboratory employed a Tracor MT 220 gas 

chromatograph, the Lawrence Experimental Station of the Department of Environ­

mental Quality Engineering employed a Perkin Elmer gas chromatograph, and the 

' United States Food and Drug Administration's Boston Laboratory utilized a


Tracor 560 gas chromatograph. Analyses were performed following the FDA


procedure found in Pesticide Analytical Manual, Volume j, Section 212.13a. This


procedure has a sensitivity of <0.1 ppm.


The three laboratories also split and analyzed six samples as a means of


comparing instruments and techniques. The mean of all the samples was 5.0


with a standard error of 0.7.


STUDY AREA


Study area boundaries and site locations are shown in Figure 3. Areas


> 1, 2, and 3 are described in the DPH closure notice (Appendix 1). For the


*r purposes of this report, the region outside of the closure has been designated


Area 4. Sites A and M are adjacent to the Aerovox and Cornell-Dubilier dis­


charges, respectively. Site V is the New Bedford sewage outfall. The presence .


of PCB's in the sewage effluent and sediment adjacent to the outfall pipe indicate


that this is also a source of contamination (Camp Dresser and McKee, Inc., 1979).


The spoil area depicted in Figure 3 was utilized in 1953 for the deposit of


spoil taken from New Bedford inner harbor and in 1962 and 1966 for spoil dredged


from the outer harbor.


RESULTS AND DISCUSSION


PCB levels by species are listed in Tables 1 and 2. In general, organisms




ble 1- Concentrations in ppm, of PCB's in the New Bedford area fin­

fish and shellfish species (except lobster) at all sites.


Species Area Site Date PCB (ppm)


/


Winter flounder, 1 9/23/76 6.0

PseudoDleuronectes americanus 2 LI/ 9/23/76


• 3 EE 9/23/76 2^6 (3

2 BBi/ 9/23/76 11.0 \

• 4 IT/ 9/23/76 11.0 ̂ i


3 GGy 9/23/76

• 1 I' 9/23/76 13.0 (JL

2 LI/ 7/10/79 7.5a


1 MM- 8/23/79 8.1b


3 BBB 10/16/79 0.2

. 3 CCC 10/16/79 1.6


3 CCC 10/16/79 0.9

3 DDD^ 10/16/79 0.8

3 EEE • 10/16/79 0.6

3 FFF'- , 10/16/79 0.5

3 FFF / 10/16/79 0.5

3 GGG / 10/16/79 0.8

3 HHH"7 10/16/79 1.0

3 HHH ' 10/16/79 0.2

2 Q '' 6/10/80 3.8

3 AAA 6/10/80 1.1


Iĵ P̂-' 3 AAA 6/10/80 1.0

2 LL - 6/10/80 0.0

3 FFF - 6/10/80 5.9


Striped bass, Morone saxatilis 2 KK-' 4/28/77 0.4

2 KK' 5/ 5/77 0.5

2 KK 5/ 6/77 3.C

2 S -' 5/20/77 2.7


Bluefish, Pomatomus saltatrix 2 KK 5/21/77 1.0

2 KK 5/21/77 1.6

2 SV 8/30/79 16.5

2 S " 8/30/79 1.4


American eel,Anguilla rostrata 1 H " 7/10/79 24. Oc


2 7/10/79 3c.O

Q -̂ 
1 A 7/11/79 460.0


1 A 7/11/79 730.0

1 A 7/11/79 670.0

1 A 7/11/79 430.0

1 A 7/11/79 430.0


a. Composite sample of 3 flounder.

b. Composite sample of 5 flounder.

c. Composite sample of 3 eels.




Table 1. Continued


Area Site Date PCS (ppm) 

American eel, Anguilla rostrata 1 
1 

A ­" 
H-

7/11/79 
8/16/79 

570.0 
24. Od 

1 H 8/16/79 19. Oe 

1 A - 8/17/79 24.0 
1 A 8/22/79 33.0 
1 A 8/22/79 11.0 
1 A 8/22/79 18.0 
2 P'' 7/26/79 13.8 
2 
1 

P 
A,B,£C 

7/26/79 
9/23/76 

12.2 
92. Of 

Scup, Stenotomus chrysops 2 R-" 9/23/76 6.1 , 
2 II // 9/23/76 11.4 
1 MM y/ 8/23/79 2.3g 

3 
3 
3 

III 
AAA/ 

DDD " 

10/ 4/79 
6/ 4/80 
6/ 4/80 

1.3 
• 0.0 h 

0.01 

Summer flounder, Paralichthys dentatus • 2 U-" 9/23/76 7.9 ( 
•l I X 9/23/76 10.0 L 

• • 2 L ' 9/23/76 7.1 £l 
2 Y "' 7/11/79 0.2 
1 MM ̂ 8/23/79 2.1 
3 EEE' 5/29/80 0.3 
3 DDD­ 6/ 4/80 4.0 

Windowpane , Scophthalmus aquosus 1 
1 
1 

MM^ 
MM'' 
MM ' / 

8/23/79 
8/23/79 
8/23/79 

5.5^ 
14. 3* 
8.81 

3 EEE/ / 10/16/79 3.1 
3 FFF 10/16/79 3.1 

Tautog, Tautoga onitis 2 II ' 9/23/76 1.2 
2 LL 7/10/79 - 1.3n' 
2 S ̂  7/11/79 1.3 

d. Composite sample of 4 eels. 
e. Composite sample of 4 eels. 
f. Three sites sampled, 
g. Composite sample of 31 scup. 
h. Composite sample of 6 scup. 
i. Composite sample of 7 scup. 
j. Composite sample of 8 windowpane. 
k. Composite sample of 9 windowpane. 
1. Composite sample of 8 windowpane 
m. Composite sample of 6 tautog. 



Table 1. Continued


Area Site Date PCS (ppm) 

Tautog, Tautoga onitis 3 AAA ­' 10/16/79 0.3 
3 AAA 10/16/79 0.8 
3 AAA , 10/16/79 0.1 
2 II "̂  6/10/80 1.1 
2 LL '' 6/10/80 0.2 
3 
3 

GGG^ GGG 
6/10/80 
6/10/80 

0.9 
1.1 

3 GGG // 6/10/80 0.7 
3 GGG '' 6/10/80 0.7 
2 Y 6/10/80 4.6 
2 Z ­̂  6/10/80 0.8 
2 

Z / 
6/10/80 0.1 

Silver hake, Merluccius bilinearis 2 U 9/23/76 0.7 

Red hake, Urophycis chuss 3 EEE/' 10/16/79 0.1 

Fourspot flounder, Paralichthys oblongus _ 3 AAA 6/10/80 0.8 

Gunner, Tautogolabrus adspersus • 2 U 9/23/76 20.0 (51) 
Black sea bass, Centropristis striata 3 III/ 10/ 4/79 0.4 

Butterfish, Peprilus triacanthus 4) 4 QQX 9/23/76 0.3 (6.1) 

/ Blue crab, Callinectes sapidus 
\ 

— ­

' O \sr £ *-*C 

1 **̂ \ 

1* 
1 ̂  

M 
G 
A,B,6C 
G 

8/14/79 
8/16/79 
9/23/76 
9/23/76 

4.2n 
4.2° 
1.0P 
5.6 

•^s Soft-shelled clam, Mya arenaria 
X -"̂  

-I 
_1 
-1 
d 

D 
E 
F 
F 

9/23/76 
9/23/76 
9/23/76 
8/16/79 

53.0 
21.0 
22.0 
14.6 

yC Oyster, Crassostrea virginica ,1 ^N 8/16/79 15.8 

V Quahog, Mercenaria mercenaria -2 Q 9/23/76 1.3 
-2 DD 9/23/76 0.2 
t2 CC 9/23/76 0.2 

»•̂ 3 AA 9/23/76 0.5 
'2 Z 9/23/76 0.4 

n. Composite sample of 5 blue crabs, 
o. Composite sample of U blue crabs, 
p. Three sites sampled. 



Table 1. Continued 

Species


n,,ahoff. Mercenaria mercenaria


 Area


 -2


v3


^
-2

-2

- U

-^4

~ 3

-2

V3

01

w2

"2

-2


Site


Y

V


>

X

KK

,JJ

00

;p

5iH

z

' cc

>N
-5i

xR'

JJ


Date


9/23/76

9/23/76

9/23/76

9/23/76

9/23/76

9/23/76

9/23/76

9/23/76

9/23/76

8/ 9/79

8/ 9/79

8/16/79

8/16/79

8/16/79

8/16/79


PCS (ppm)


0.7

1.8

0.4

0.4

0.7

3.3

0.1

0.1

0.3

1.1

0.6

1.6

0.3

0.6

0.8




Table 2. Concentrations of PCB's in New Bedford

area lobsters, Homarus americanus.


>

Area Site 

— ——————— 
2 T 
2 T 
2 T 
2 T 
2 T 
2 T 
2 T 
2 , T 
2 ' T 
2 T 
2 T 
2 T 
2 T 
2 T 
2 T 
2 T 
2 T 
2 T 
2 T 
2* S 
2 S 
2 S 
2 S 
2 S 
2 S 
2 S 
2. S 
2 R 
2 R 
2 R 
2 R 
2 p 

f~1 Q 
2 Q 
2 Q 
2 Q 
' 2 ~ Q 
2 Q 
2 Q 
2 Q 
2 M 
2 M 
3 HH 
3 HH 
3 HH 
3 HH 
3 RR 

Date PCB (ppm) 

3/16/77 7.9>^x-
3/14/77 1.2̂  
5/ 6/77 9.3-̂ ^ 
11 6/78 2.7 
11 6/78 9.0 
11 6/78 1.7 
11 6/78 2.5 
I/ 6/78 1.4 
7/ 6/78 1.0 
7/ 6/78 2.7 
7/ 6/78 1.7 
7/ 6/78 ' 1.4 
7/ 6/78 1.4 
7/ 6/78 1.7 N 

4/20/79 2.0 
4/20/70 20.6 ' 
4/20/7^ 8,7' 
4/20/7<j 6.1V ̂ 
8/ 8/79 68.2V_ ' 
3/14/77 2.2\ 
5/ 6/77 6.3^ 
11 6/76 3.5^ 
7/ 6/73 5.4" 
7/ 6/7c 2.2" 
11 6/78 3.7-
4/20/79 17.0,\ 
8/ 8/79 15.4 \ 
3/18/77 3.1--' 
5/ 6/77 11.7' 
5/ 6/77 8.2 \ 
11 6/78 4.7\ 
3/16/77 1.0 -\ 
4/2077? 1'b . fc^-

4/20/79 7.6 
4/20/79 1.1 
4/20/79 0.8-
8/16779 "" 31.1' " ~-
8/16/79 
8/16/79 

30. 3v 

23. 8V 

8/16/79 26.6V 
8/16/79 63. 4 * 
8/16/79 27.4 
3/17/77̂  2.1V 
5/ 6/77 5.8"V 

8/14/79 11.6 V 
8/14/79 12. 4-^ 
10/ 5/79 10.60̂  



Table 2. Continued


Area Site .Date PCB (ppm) 

3 SS 10/ 5/7i) 2.9^ 

3 
3 
3 

SS 
SS 
SS 

6/ 6/80 
6/ 4/80 
6/ 4/80 

4.4x 
2.3X -
7.4X 

3 TT 10/ 5/79 9.4 -\ 
3 UU 10/11/79 2.3^ 
3 
3 

UU 
UU 

7/28/80 
7/28/80 

3.1-s 
3.3N 

3 UU 7/28/80 2.1" 
3 
3 

VV 
W 

10/11/79 
7/25/80 

10.4 "' 
2.0N 

3 VV 7/25/80 1.4\ 
3 VV 7/25/80 4.1V 

3 
3 

ww 
ww 

10/11/79 
6/ 4/80 

35.5'x 

3.9X 

3 ww 6/ 4/80 6.0 
3 YY 10/16/79 4.7x 

3 YY 6/23/80 8.2-^ 
3 YY 6/23/80 2.9 *""\ 

3 ZZ 10/19/79 3.8 ft^\ 
3 ZZ 10/19/79 3.8 ft\\ 
3 ZZ 10/19/79 -̂3. 8 ft __-^ 

fct^^y 
3 
3 
3 

ZZ 
ZZ 
ZZ 

6/ 4/80 
7/25/80 
7/25/80 

3.4\ 
4.7V 

2 0N 

3 ZZ 7/25/80 2.6X 

3 MMM 10/29/79; 5.0^ 
3­ MMM 6/30/80 * \ 

3 
3 

MMM 
MMM 

6/27/80 
6/27/80 

U'7\
6.1̂  

3 LLL 10/29/79 7.9^ 
3 JJJ 10/29/79 10.6 ftA 
3 JJJ 10/29/79 10.6 ft " v 
3 JJJ 10/29/79 10.6 ft 
3 JJJ 6/25/80 7.6 ̂  
3 JJJ 6/25/80 5.5 '' 
3 JJJ 6/25/80 4.3 ̂  

3 KKK 10/26/79 7.1 ft 
3 KKK 10/26/79 7.1 ft\ 
3 KKK 10/26/79 7.1 «\ 
3 
3 
3 
3 
4 

KKK 
KKK 
KKK 
KKK 
'000 

7/28/80 
7/28/80 
7/30/80 
6/23/80 
12/14/79 

3 ''?> 
2.4̂ V 

5.5 N 
3.4 ft^ ' 

* Average of all lobsters taken at site. 
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Area


4

4

4

4

4

4

4

4

4

u

4

4

4

4


' 4

4

4

4


Site

\

^ 000

<L 000


KNN

.NNN

>NNN


QQQ

.QQQ

PPP


- PPP

PPP


^PPP

"RRR

,RRR

SSS

SSS

SSS

SSS

SSS


Date


12/14/79

12/14/79

12/19/79

12/14/79

12/14/79

12/14/79

1/18/80

12/14/79

1/22/80

1/22/80

1/22/80

1/18/80

1/18/80

12/19/79

1/18/80

1/18/80

1/18/80

1/18/60


PCB (ppm)


3.4 * ̂ 

3.4 *V


5.2 O

b.2 * •-


5.2 *̂ 

2.0 A^ ,

2.0 *K


-4.8 " ̂  •
\^


4.8 A^

4.8 *'


 ̂ -4. 8_ ''=


7.2 -\

7.2 * '

2.2 *-^

2.2 *N


2.2 * >

2.2 * ;

2.2 ­




sampled in Area 1 were found to contain the highest PCB levels. Those obtained


from Areas 3 and U contained lesser concentrations of the contaminant. Farrington


(unpublished report) reported that PCB levels in the sediment were also highest


in Area 1 (Appendix 2). The Hurricane Dike appears to be acting as a sediment


trap containing much of the PCB- laden sediment within the inner harbor.


Sumnerhayes et al. (1977) demonstrated that sediments outside the inner harbor


are transported in a net northerly direction. Analyses reported to date by


Farrington (unpublished report) and Camp Dresser and McKee, Inc. (1979) indi­


cate that most of the contaminated sediment is found north of the Area 2 closure


line.


We have observed no overt effects of PCB uptake on marine organisms in


the area, even though some contained PCB levels exceeding 100 times the PAL.


Gross inspection revealed no -abnormalities or indications of disease symptoms


in any of the animals sampled and/or observed. Seasonal development of the


reproductive organs of the finfish examined appeared to be normal.


Finfish


The DPH has implied that all bottom-feeding finfish in Area 2 contain


PCB levels which exceed the FAL (Appendix 1). The data, however, do not sup­


port this contention.

,


bake and sea bass never exceeded 5 ppm. Elevated PCB levels are found in fish


that are bottom-dwelling and year-round residents as well as bottom-feeding,


i.e. eels, winter flounder and windowpane flounder. Weimer et al. (1976)


have stated that fish can take up PCB's directly through the gills and integu­


ment. Long-term contact with the sediment most likely allows PCB's to be


absorbed in this manner.


(




y

Eels


Eels have contained the highest PCB levels of all species tested. Three


factors contribute to this phenomenon: 1) eels spend most of their adult life


(5-20 yrs) in the same water body (Fahay 1978); 2) they are chiefly nocturnal


and often lie buried in the mud during the daytime (Bigelow and Schroeder 1953),


Their activity is reduced as water temperature declines and they spend most of


the winter burrowed in the mud in direct contact with the PCB-laden sediment;


3) their body tissue is comprised of 26% fat (Tesch 1977). This is approxi­


mately 10 times higher than the average fat content of other species tested.


Fat provides the principal storage site for PCB compounds, which are lipophilic


(Nimmo et al. 1971b).


Winter flounder


Ov'er the four-year testing period, most winter flounder collected from


Areas 1 and 2-have contained PCB concentrations exceeding the FAL. The PCB


levels, however, are substantially lower than those found in eels. Of note,


there is an apparent reduction in the average contamination levels since


1976 (Table 3). A factor possibly contributing to the elevated levels in


winter flounder is the animal's habit of lying buried in the substrate except


when actively feeding or migrating (Bigelow and Schroeder 1953). In addition,


flounder spend their entire first year of life in the estuary. Most adult fish


leave the estuary in the spring after spawning and migrate to cooler water,


returning to the estuary in autumn. However, Howe et al. (1976) found that


approximately 20% of the flounder up to age IV pass the summer in the estuary.




Table 3. Average PCB concentrations, in ppm, for winter flounder 
by year by area. Number of individuals in parenthesis. 

Year Area 1 Area 2 Area 3 

1976
 9.5 (2) 8.3 (2) H.I (2)

1979 8.1 (1) 7.5 (1) 0.7 (10)

1980 - 1.9 (2) 2.7 (3)


Windowpane flounder


Windowpane flounder spend their entire lives in estuarine-near shore


habitat. Therefore, they would be consistently exposed to a PCB contamination


source. They do not bury themselves as do winter flounder but are bottom


dwellers and do lie in contact with the substrate. Windowpane flounder were


sampled only in 1979, PCB concentrations in these species averaged 9.5 ppm


in Area 1 and 3.1 ppm in Area 3.


•


Summer flounder


The summer flounder (fluke) is likewise a bottom dweller. However,


differing from the winter flounder, it is an active swimmer and is found in­


shore only from May-September. In 1976, the average PCB level in the three


summer flounder sampled was 8.3 ppm. However, none of the four fish sampled


since that time have exceeded the FAL.


Like the summer flounder, no scup has exceeded the FAL since 1976. This


fish rarely comes in contact with the bottom but does feed close to the bottom.


It is a seasonal visitor to the area, residing inshore from May-October.




During 1979. one bluefish was found to contain 16.5 ppm of PCS. However,


the average level of the other three bluefish analyzed was only 1.3 ppm. The


bluefish is a migratory pelagic species, generally traveling in like-size


groups (Wilk 1977). Although it is caught in New Bedford outer harbor from


May-October, temporal size range of sportfish catches indicate that most fish


remain in the area no longer than four to five weeks before moving elsewhere


(R. Lawton pers. comm.)̂ . Test results from other locations in the state are


all below the FAL.


Other finfish


Striped bass, silver hake, and butterfish were never found to contair.


'PCB's which exceeded the FAL.


Shellfish


The distribution of shellfish is such that all oysters and soft-shell


clams were taken from Area 1 and all quahogs from Area 2. One would suspect


that these shellfish dwelling on or in the substrate and feeding at the sediment-


water interface would have a high PCB content. This was true of soft-shell clams


and oysters (Table 1). However, quahogs contained relatively low amounts of


PCB's. Only one sample exceeded 2 ppm concentration (Table 1). This may be


attributed to the very low fat content of the quahog (0.9%), as listed in


Gibbons (undated), when compared to soft-shell clams (1.9%) and oysters (1.8%)


and lower level of PCB contamination in Area 2 sediment.


R.P. Lawton, Senior Marine Fisheries Biologist, Massachusetts Division of

Marine Fisheries, Sandwich, MA 02563




Crustaceans


Blue crabs


Blue crabs are basically bottom dwelling and omnivorous, generally found


in the estuary. All blue crabs for this study were collected from Area 1. In


1976, one sample was found to have a PCB content exceeding the FAL. Twelve


other samples contained less than 5 ppm PCB. Harvesting of blue crabs is not


prohibited.


Lobster


The lobster is the only species that was harvested commercial ly in the


area. Approximately 50 commercial and 100 recrational lobstermen were


affected by the closure. The value of the commercial fishery in this area was


estimated to exceed $125,000 in 1S77.


The lobster is also a bottom dweller which feeds on a variety of organ­


isms. Being nocturnal, it searches for food at night and rests in a mud burrow


or other suitable shelter during the daytime. Lobsters range from near shore


to depths of 700 meters (Cobb 1976). Resident and migratory lobster populations


have been documented (Krouse 1980), with stocks often mixing in a given area.


Possible migration and movement in general of lobsters within the study area


have not been investigated. Fishermen believe that lobsters in the area follow


a migration circuit each year. They base this premise on the seasonal catch


pattern which is characterized by good spring and fall catches interspersed


with a poor summer catch. A similar phenomenon was studied in Connecticut by


Stewart (1972). He reported that mass molting in the spring resulted in many


former sublegals being recruited to the fishery. In early summer many of the


lobsters emigrated, however, a remnant summer population was also noted. Good




fall fishing, according to Stewart, was the result of immigration from deeper


water in conjunction with a second mass molt.


The task of examining the data for possible trends in PCB levels is con­


founded by seasonal movements of lobsters in an out of the study area. Further­


more, daily movements may expose each lobster to contact with varying amounts


of PCB's. The rate of uptake of PCB's in lobsters has not been investigated.


Studies conducted on other crustaceans indicate that PCB uptake may be rapid


(Nimmo et al. 1971a; Sanders and Chandler 1972). Nimmo et al. (1974) found


that the shrimp (Palaemonetes pugio) concentrated PCB's within a few days of


exposure. Following exposure to water containing 0.17 ppb PCB for 7 days, the


test shrimp were found to contain in excess of 1200 ppb PCB. However, further


testing revealed that up to 90% of the PCB content per individual was depurated


within four weeks following the cessation of exposure treatments.


Table 2 lists PCB levels of the 111 lobsters analyzed. During the study


period lobsters with PCB concentrations exceeding the FAL were sampled at most


sites. The present closure boundaries do not appear to extend beyond the region


Of contamination. Nevertheless, only 30% of the samples collected from Area. 3


in 1980 exceeded the FAL compared to 70% in 1979. ' ̂  '


Furthermore, no contaminated lobsters were found in three of the five


southernmost sampling locations (Figure 3), i.e.. siteŝ  UU. ZZ. and EE. 2f̂  Y\'


one contaminated lobster was sampled at sites VV. and YY../ resnprt-ivpi v. Since


the aforementioned sites were only sampled in 1979 and 1980, additional data


are needed to determine the appropriateness of the spatial delimitation of


the closed area.


Because of the importance of the local lobster fishery, data were sub­


jected to greater scrutiny than the previous species discussed. Table 4 lists




Table •*• Average PCS concentrations, in ppm, for lobsters in areas 2,

3, and •* for each year. Numbers of individuals in parenthesis.


Year Area 2 Area 3 Area 

1977 5.6 (9) 3.9 (2)
* v\ 
•*- N 

1978 2.9 (16)̂  ̂ \ .1 ­ ­

1979 21.7 (17) 8.8 (20) 3.8 (10) -' 

1980 4.3 (27) 3.9 (10) 



..c 

average ̂ CB levels for each sampling year by area. The reason for the high


average values in 1979 is unknown. Forty-two percent of the total lobster


samples were collected that year. It was found that the high readings obtained


from the 1979 sampling, greatly influenced pooled data averages when assembled


by sex, size, or season. Examining the variables within an individual vpar is


more enlightening.


Average PCB content by area was the only consistent pattern observed.


For each year where data exist, the highest average readings were recorded fron


Area 2 followed by Areas 3 and U, respectively. It is reasonable to assume


that lobsters taken from Area 2 accumulate at least some PCB's from their


immediate environment. Limited sediment analyses undertaken by DMF and Camp


Dresser and McKee, Inc. (1979) indicate that PCB's are present in Areas 1 and


2. A possible PCB contamination source in Areas 3 and U is the "spoil area"


(Figure 3). Sediments from this site have not been analyzed.

4


,Data found in Table 5 suggest that with an increase in size of lobsters


aken from Area 2 during 1978 and 1979, there is an increase in the average


level. Non-migratorv lobsters who are older and larger animals would have


ex'po.sed to PCB's for a longer period of time and might be expected to con­


tain higher PCB levels. However, the large difference between 1978 and 1979.


concentrations intimate that some factor in addition to exposure time has an


*7influence on PCB uptake.

\ •

' Analyses of average PCB levels grouped by sex (Table 5) and season


(Table 6) do not reveal any apparent trends. Utilizing Wilcoxon's signed rani-


test, differences in average PCB content between sexes were found not to be


statistically significant. Gaps in the data record when grouped by season


preclude-the use of statistical analysis.


10




r

" 

S. 

Area «* 

Carapace Area 2 
Area 3 Hale Female 

T.eneth (mm) 

1978 1.6 (2) 
2.2 (3) 
3.7 (2) 

1979 

1980 

81 
81-85 
86-90 
90 

: 81 
81-85 

.77

22.5 
25.8 

 (1) 

(4) 
(9) 

. 6 0) 

5.4 

5.1 
2.0 

(6) 

(6) 
(2 ) 

6. 
8. 

U 
4 

0 
,3 

.0 

.5 

(9) 
(5) 

(7) 
(10) 

5. 
3. 

3 
3 

2 
i* 

.5 

.5 

(2) 
(1) 

(2) 
(2) 

3. 
5. 
3. 

2 
U 

1 
2 
,4 

.1 

.7 

(4) 
(1) 
(2) 

(2) 
(3) 

86-90 4.7 (2) 

• 90 



Tatle 6. Average PC3 concentrations, ir. ppm, for lobsters

ir. areas 2, 3, and ̂  during each season for each

year. Numbers of individuals in parenthesis.


Seascn Year Area 2 Area 3 Area i* 

2/1 ­ 6/30 1977 5.7 (9) <-.t (2) 
W3 
1S75 3.S (9)V 
1930 \. :.-: f l £ )  V 

'/I ­ 3/33 
1979 2,9 J 16 J/  )7 

« 
1975
15=:

 36 .2 (5)** JT12.C (2  ; /
fi.Ku-r 

i: 'i ­ 2/19 
19- i \ 
15'5
i?!:

 <^:.: ( 1 =  ) 3 .  6 (I 
 -.; (i 



CONCLUSION


Review of the data collected to date indicate that sampling results are


insufficient to establish definitive PCB trends in the biota of New Bedford


Harbor.


RECOMMENDATIONS


1. It is recommended that the DPH, DMF and other interested state


agencies coordinate a comprehensive survey of the closed area to: 1) establish


definitive levels of PCB's in the biota and sediments; and 2) determine whether


these levels are constant or variable.


2.


fliB ftnryn as 

3. Major industrial and sewage outfalls in the area should be monitored


o assurte that additional PCB contaminants are not entering the Harbor.


4. Depuration rates of PCB's in lobsters and other migratory species


should be ascertained through appropriate scientific investigations.
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Appendix 1. 



-^JONATHAN E. f JELOINO. 

CO'ITACT; Pnt Mazza 
f(>l 

TOR RELEASE - Tuesday, •* AM


Public^ H^m th« C<|p>mt«w loner Dr. Jonathan T'j ( 

^ 
today requested thnt hotton feedinff-fish, shollfish ,IP<( ods not be 

taken for eating from the Aouahuot-River aroi f o  r healtVi n "- ^ n q  . 

This area extends north of a line between Pic! ft- son' q I ' o f i ' i . <c Uil!-ur 

Point. 

Fielding wntle thi? rpqucst a t t t « r revio^jin^ Lhc re­
• 

suits of a recent state survey that revealed 1 1"1 presonc-p oT P


nated Biphenyls (PCT',) in thap- area which it i recreational fisl^inp area —


not commercial.


. The survey revealed that fish in the. Acushnet 'liver —


an area that has been closed to shellfish tal inf for manv years Because


of bacterial pollution — hove been afferted by PfP, contamination.


rnHs have been used in industrial production and were


deposited in the river over the past 10 years.' They are no longer bcii y


deposited. Tlie Ci >li In this area have been found to hnve PCF levels that


exceed the Federal standard for food<


"" " ........ FreUtltfp,-t\otod~tI.at tbc-frpectfic-hrTilth t^ffrrts of ­


PCBs 'are not totally known Co datev but thit it could cause serious ill­


ness If invested frequently over an ('"tended period of time. I'e con­


tinued, "This iMpMon reaVly nf feet' '•• rt'cr"ntiona1 flsli^mait v ho


t Ishca in tni^ river area am1 then horn- and fri-e/e<; the rat cb to




over a pertod of » tiner ilfiht'rnan ami m. 
, ,  . 

fair anoutrt -of PCfiiiwwrer' a> period- of time." "J ' irh this in 
'* , 

;' -. mind," Pieldinp, ct afc nov i twain;* a health varninj* to recrea­

tional fisherrvn notv 'bottom feeding fish nnr1 fe3s frnr 

7 this area." *> 

Fielding-tni also1 extend Lnp, a health warning to recrea­

tional fishermen not to eat^tvetton feeding fish from the area jusr } e­

yond the Acushnet Hiver are<M-* rw>rtjtv of a 3 fiu- runnirf fron M>sh.mn noint 

to Cong "3" on llursett. Roclc£.0 Rocky Point on K'est Island. camples tal en 

from this area showed bottorot teedlnp, fish to hnvr ele.vated Vrr levels. 

Field ing-t»Ced, "These affecteil areas art: used for 

recreational fishing. Tliepe is HO commerci«\J fisln'np in eit'ier of these 

areas for which I have issued health warnings. Th1s fact has i>enn further 

verified by no increased TCB levels- found in fish samples at coprnercial 

landings and in the marketplace." 

The Department of TuhHc "eaJth will continue to monitor 

the fish at commercial landings and in the marl ots as a furtlip'- precaution. 

The Department of r.nvironmcntal Otiality Tnp.ineerinft anH 

the Division of Marine Fisheries have done the sanplinp and laboratorv test-

.ing on the fish, shellfish and crustaceans in these waters for T>rn deter­

ninations. Accordinp to DCQr ComrjisRionor David ^tnndley, they vilt continue 

the monitor in;; uf forts. 

State health and environmental officials have met with 

legislators and connunilv repTescntntiveR of the affected arc-as In advance


of issuinp those lu-alth warninp.r,.
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105 CMH: DEPARTMENT OP PUBLIC HEALTH


?60.003i Authority :.v. •7 

' •" ' « . - • •  » ft / • * • • * - „ • ' 
These regulations are promulgated undtfr authority of Q.^'j" cflll, '•". . . •/•; 

as,5 and 6, O.L. c .9^» ss.l86 and 192, C.L. c.30At $».£••/? '%''',^'^r - " ' • • ^ ' • r . , 

260.00l< ; Adulterated Fish " •"\-r>- ' ''î -11 *>"- • ' 

Fish, containing levels of PCBs exceeding the

level (or "temporary tolerance") of PCBs established by the

Food and Drug Administration fur the edible portion of such f pod V

sources are adultered within the meaning of G.L. c ,

paragraph under food. Such food sources caught in tbp coptaRi

area are presumed to be conto/ninattd. ••'. • -•„'.- • t'~


' •' "*

260.003 : Taking and/or Sale nf T.obi.trir.i end Certain Fish Prohibited * -r ̂  * '> 

» '^ S ?- L \ •"-".. ^


(l) Ho person bhail Lake iitid/or sell any fish (except tatt fiah) r


lobster or shellfish from the urea (A' Nuv Bedford Harbor

described belov: ' * •


The waters north of the Hurricane Dyke in New

, Harbor. ' /' <••';*'*' ̂ '/ '• .


(2) No person ahull Luke unJ/or bcjl any lobster'̂ JJ1 'bottom-feeding

fish (including eels, scup, 1'loi-nder und tautog) frô "ttQ $*&% 9*

New Bedford Harbor (Area 11) d<..= ribtd below: ^,i'v<- "-,%r •' . '


The waters generally boutti of area I and north, ot, *,'': -• K

line extending from HickeLs.on's Point in South Dart-- '-.'


* mouth westerly to Wilbur Point on Sconticyt \]^n^ *'


(3) No person shall tuHe un-i/or bell lobsters 'fjrG<p, tbe â r§a of

New Bedford Harbor (Area III) described below: .' - '.-"",' '.•>' • ̂ , •


' • '-"::;'. .''•

The waters generally &out)i pf area II ttnc} north pf a \-^

line extending from Minimum Point on Smith Neck {Ll\ ' :

the town of Dartmouth north and west to Cong;-J'3" CM) ,' ' •

Hursett Rock off New Bedford Harbor and'continuous north, . . .

and west to Rocky Point on West Island in tfra • toyi) of'?;..'. ••


s
Fairhaven. . -'' . v "'v-"•'-'./ / '>'•'-„'•' VJ ,

' '  ' ' ' ' " " * ' 
• . ..»>•,-. j f ,".:- , •


•-<<x- ' ,'/**V—., •• .<•-_'­


; ...*•• iv''».. •'» v.. * L
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Wmm Fa Aulyala. 

*=^-
laeulta at Maylai ukaa U Bw Mtord (arbor wid hutardf lay aaalytad by Maaaaehuaatta Stata a»d D.f. fadaral lab> 

ladlmut Arecler 1254, 10"* t/| Dry Vi . 
Laboratory^ 

jta lammla UcatlM lit* C.C. L.S.S. l.t.t.. r.D.A. W . K .O. I  . S.M.U. 
f 
5/10/76 Catfiawat AcMhaat Ilvtr AJU-10 — »20 

(Cempealta Orab) W8-4 — 143 
nt-5 •- 2 
BM-6 — 0.5 

• • g 15»/23/7» W M  47 
in •e 75 
j IS (1 
m 23 22 

»/23/7» Outar larbor K 0.5 71 
U 
JJ —0.16 4 0.1 

5/10/71 Coral Acuahaat U«ar 1 9.0 
Av|. 0-1 em lanar Barber 3.0 

1.5 
4.6 
5.9 , , 
5.1 ' ' 

26.0 - ? ( 0 
17.1 -" ' ' 
13.4 -i/^f'V 

10 »• * 
11 4.5 
12 5.) 
1U 9.S 
13 (.6 
14 2.7 
15 7.2 
16 7.0 
17 7.9 
19 7.4 
20 5.2 

Outar Harbor 22 7 .  2 
. 22A 7.6 

23 0.4 
6/7) Sadimaat Crab Outar Barber — e ' 
6/79 Cera 0-4 em " •*• 23 0 .2 /0 .3  * 
5/7) Compoalta Crab kuttarda lay 14 Sta. 0.07 

to 
0 54 

j 

Uiulta indlcata 10"' »/f dry wt. of Aroelor 1242/125*. 

L>bor*ter7 U*B 

C.C. — HktMChuMCti Blxl«ton of NtrlM FlitMrl**, C*c Cov* K»rln« Ubor«tory. 
L.I.S. — Hi>«>chu»tti 0«p«rt**nt »f tnTiroi»«at4l Quality ZD|ln»irln|, L*vrtnc* txv*rliicnc*l Soclon. 
t.T.I,. — U.S. EavlronMattI »rot«ettoo Ac«oey, nerlt* Lab. 
r .D.A. — O.S. food t Drag *i«lrl«tr«tle«. mo• con l*b. 
U R . O . I  . — Woodt lela Oc««nO|t«phie Uitltutleo. 
S.K.U. — SoutkMtttra Mataachutatti Dolvanlty. 
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LYCOTT ENVIRONMENTAL 

RESEARCH, INCORPORATED 

SOUTHBRIDGE. MA. O155O 

617-765-O1O1 

Client: Aerovox Industries, Inc. Date of Collection: 7/21/80

P.O. Box B-970

740 Bellville Avenue Date Received: 7/23/80

New Bedford, MA 02741


LABORATORY ANALYSIS


Analysis Number 1209 

• Total Chromium .05 .5 

Total Copper .08 .5 V.


Total Iron 1.75


•Xotal Xead .28 1.


.05


Solids


f •" ygpjgpt-ipn of •»•" pH 
HIM LS« 

.ENVIRONMENTAL RESEARCH, INC 

STATE CERTIFIED lABORATORY 



fcXHIBIT F-2 .


Mom jnto * *'y >? 67 

MONSANTO INDUSTRIAL CHEMICALS CO. 
S»ug»t. Illinois 62201 
Phone (618) 271-5835 

December 31,


Mr. Clifford H. Tuttle

Aerovox Industries, Inc.

7liO Belleville Avenue

New Bedford Mass.


Dear Mr. Tuttle: Re: "AD HOC PCB Committee"


Tabulated below are the PCB analyses of various samples taken on 12/4

and 12/5/71*.


All PCB concentrations are expressed in micrograms per liter. Same as

parts per billion (ppb).


1. Composite sample taken 12/U 8c 12/5/71* 19-7
-
 ppb 

. 

(Sample at main plant effluent taken from moat

discharge at north side of building. Hough flow

measured at '130 GPM,*but could be less. Composite

obtained over 18 IT. sampling period.)


II. Grab somple taken 12/5/71* 55-3 ppb 7^f


(Main plant effluent from same spot as I above.

Sample in AM when composite sampler was removed . )


III. Grab sample taken 12/5/71* 5 ppb /L X


(At pumphouse in parking lot. Possible flow ^ p«-t

to New Bedford sewer system.) ijHl?<


IV. Plant water taken 12/5/7̂  2.5 ppb

(Grab sample taken from drinking fountain.)


V. PJstuary taken 12/5/7'i 26 ppb

(Grab cample taken along shore line just

south of main plant effluent discharge

from north moat. )


VI. Estuary taken 12/5/7J< 18 ppb

(Grab sample taken along shore line below

parking lot. )


The above information, plus flow data from your plant, should permit you to

complete the EIA questionaires. Norm Butterworth is familiar with how and


cr** • ?unit of Mononto Company 
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